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1. INTRODUCTION 


DDED interest in the development of 
Ae of voice frequency signalling 
and dialling is resulting from study 
being devoted to this subject by the C.C.I.F. 
It is in connection with work of this nature, 
involving the danger of interferences, that the 
assistance of the C.C.I.F. is of immense value. 
Each National Administration is naturally cap- 
able of choosing the most advantageous arrange- 
ment for the national conditions concerned, but 
it is only by general discussion between repre- 
sentatives from different Administrations with 
different conditions to fulfil that recommenda- 
tions can be framed for guiding the subsequent 
development, so that problems which might 
otherwise arise are avoided. 
The immediate objective of the Sub-Com- 
mittee of the C.C.1.F. established to investigate 
voice frequency signalling problems is to 
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recommend the basic principles to be used to 
indicate the conditions to be met by voice 
frequency receivers and to establish the safe- 
guards which are necessary to avoid interference 
between national -systems when connected 
together by international circuits. 

Several excellent descriptions of the principles 
underlying the development of voice frequency 
systems of signalling and dialling are available 
in published papers ; it therefore seems desir- 
able largely to avoid descriptive details. 
Diagrams and descriptions of the circuits of the 
receiver and associated relays are omitted 
because the examination of such details is 
thought to be of less interest than the circum- 
stances which control the design basically. The 
recommendations of the C.C.I.F., 3rd C.R., 
already issued, constituting the specification to 
which the receivers on international lines should 
be constructed in respect to power, attenuation, 
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frequency variation, insertion loss, temperature 
change, voltage change, etc., are included for 
reference purposes (see Appendix No. 2) but 
are not discussed. 

Great emphasis is laid on the dangers of 
interference to voice frequency circuits from 
various different sources because this aspect of 
the subject has not been explained thoroughly 
elsewhere. It is hoped that this article will be 
of assistance as an explanation of the reasons 
why alternative arrangements, which may appear 
at first sight to be simpler or cheaper, are 
considered to be less satisfactory. 


2. IMPORTANCE AND NECESSITY OF 
VOICE FREQUENCY SIGNALLING 


The statistical reports issued from time to 
time show the rate at which long distance 
telephony has expanded in recent years. Prior 
to the development of the technique for trans- 
mitting speech between cities, countries and 
finally continents, practically without regard to 
distance, an actual demand existed for such 
facilities and, in consequence, Telephone Ad- 
ministrations have hastened plant extension 
programmes for the introduction, and for the 
rapid increase in most cases, of the long line 
equipment. 

Although modern technique can provide a 
standard of speech transmission on long distance 
circuits leaving little to be desired, the signalling 
on the majority of these circuits is relatively 
crude, resulting in the Administration failing to 
realize the full earning power of the lines and 
the subscriber failing to receive the speed of 
service to which he is entitled. 

It is the primary function of voice frequency 
signalling to provide the quick and accurate 
interchange of information which is essential to 
an efficient service. The purpose of voice 
frequency dialling is to speed up still further 
the time required for connection and release. 
The establishment of quicker connections and 
signalling on long distance circuits calls for a 
re-examination of the existing national and 
international switching plans because the new 
economic conditions are different from the old. 
The time taken by two or three operators to set 
up a call bears little relation to the time taken 
by a single operator dialling the complete 
connection, and an even more marked contrast 


is displayed by the time necessary for the 
release of the connection. Operator dialling 
has been responsible for increasing the traffic 
load by as much as 15 per cent. to 20 per cent. 
and such an improvement causes a considerable 
reduction in the waiting time, with the result 
that the number of calls is increased. With an 
efficient switching plan the number of switching 
points for the average connection can be 
increased ; thus different groups of traffic can 
be combined and a further saving in the line 
plant effected. 

The value of the long line plant is high in 
comparison with that of voice frequency signal- 
ling and dialling equipment, and a small saving 
in line time can justify considerable additional 
signalling plant. The reliability of the long line 
equipment is of great importance. For these 
reasons voice frequency systems are judged 
chiefly by their speed and reliability. 

The fundamental reason for the use of voice 
frequency currents for the transmission of 
signals and dial impulses lies in the fact that 
these currents will pass over the speech channel 
without the necessity for any special arrange- 
ments to pass the signals through or around the 
speech repeaters which may be present in toll 
lines. The ability of the voice frequency 
currents to pass from end to end of the built-up 
connection provides the possibility of extending 
the impulsing circuit stage by stage to avoid 
the distortion which is inherent in impulse 
repetition. 


3. COMPARISON WITH D.C. AND OTHER 
A.C. SIGNALLING SYSTEMS 


On circuits local to an exchange and on those 
employed for short inter-exchange connections, 
experience shows that D.C. circuits provide 
the cheapest and most satisfactory service. 
Advantage is taken of the use of continuous 
current to indicate changes of condition. For 
use on longer circuits, A.C. currents may be 
employed in conditions for which D.C. would 
be impracticable owing to the absence of physical 
conductors or the limitations imposed on the 
impulsing relays by extreme conditions of 
resistance and capacity of the line. The A.C. 
may be in, above, or below the voice frequency 
range.. In the case of the lower frequencies, 
such as 50-150 p:s, speech currents cause no 
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interference, while the use of high pass filters 
in the line does not affect speech and yet serves 
the double purpose of preventing the leakage of 
signalling current and the entry of extraneous 
currents of low frequency. 

In such systems changes of condition are 
signalled by impulses of current. A relatively 
high signal power is used and the impulses are 
retransmitted at each line termination and at 
intermediate repeater stations. 

D.C. and low frequency A.C. systems have 
the advantage that the condensers or filters 
which restrict the signals to a section of the line 
prevent interference between sections, but such 
systems are not readily applicable to carrier 
operation. An approximate equivalent to a 
D.C. carrier signalling system is provided by 
transmitting the carrier and interrupting the 
current for signalling purposes. Such an 
arrangement offers the possibility of signalling 


without interference but transmission com-. 


plications are involved. Carrier systems 
have inadequate power handling capacity for 
low frequency signals which cannot always be 
transmitted satisfactorily owing to the high 
attenuation encountered. 

Systems using frequencies such as 2 500- 
3000 p:s have the advantage that the power 
necessary can be readily transmitted and that 
the interference currents from speech are of 
very low power. Retransmission of signals at 
repeater stations is unnecessary, but end-to-end 
signalling tends to be unreliable due to the 
variation of attenuation at these frequencies. 
The use of low pass filters to avoid interference 
between sections is not permissible on account 
of the impairment to speech. As these frequen- 
cies are not transmitted in the case of many 
loaded cables and some carrier systems, their 
application is likely to be severely restricted. 


4. INTERFERENCE BETWEEN VOICE 
FREQUENCY SYSTEMS 

Voice frequency systems are much more 
subject to interference than D.C. or low 
frequency A.C. systems. Apart from interfer- 
ence attributable to speech or echo suppressors, 
there is that due to mutual interference between 
separate voice frequency systems. All sections 
of a connection must be capable of passing 
voice frequencies and, therefore, even when 
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Fig. 1—Voice frequency signals transmitted from A to B | 
| are liable to pass out over an international circuit BC and | 
to create interference on a different voice frequency system | 
CD. If voice frequency signalling is used on the inter- | 
| national circuit, it 1s liable to interfere with either national | 
| system, and vice versa. | 





intermediate sections are not using voice 
frequency signalling, there is the possibility of 
interference between systems normally quite 
independent. For example, on international 
connections there is the possibility of mutual 
interference between different national voice 
frequency systems and also of interference 
between the national system and that used for 
signalling over the international lines. ‘To 
restrict the signals to a portion of the connection 
is fundamentally difficult because voice 
frequency currents cannot be adequately filtered 
without impairment to articulation (Fig. 1). 

It is evident that some international agreement 
is necessary on the fundamental principles of 
design to ensure that, when two national systems 
are connected together by any type of inter- 
national line, the pulses of voice frequency 
current used for signalling in one national 
system are prevented from passing out over the 
international line to the other’ national system 
in such a way as to cause false signals on either 
the international or the distant national system. 
As it is unreasonable to assume that the signals 
which are required on national circuits will be 
identical to those necessary for international 
circuits, the agreed fundamental principles for 
avoiding mutual interference should cater for 
the possibility that the national systems are not 
identical with the international system. 


5. RECOMMENDATIONS TO AVOID IN- 
TERFERENCE BETWEEN VOICE FRE.- 
QUENCY SYSTEMS 


National Administrations look to the 
C.C.I.F. for recommendations as to the best 
method of avoiding interference in difficulties 
of this type. At the meeting held in Copenhagen 
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in 1936 a recommendation was made as to the 
frequencies to be used for voice frequency 
signalling over international circuits. At the 
meeting held in Oslo in 1938 a special Sub- 
Committee of the 3rd Commission of Rap- 
porteurs was appointed for the study of voice 
frequency signalling matters, and a translation 
of the recommendations made as the result of 
the Oslo meeting appears in Appendix No. 2. 

Perhaps the most important principle estab- 
lished is that interference can be avoided if each 
national system is designed to be capable of 
preventing signals exceeding a certain duration 
from passing out beyond the national system 
and, conversely, that signals of a shorter 
duration have no significance and, therefore, 
are incapable of causing interference within the 
national system. 

The Sub - Committee recommend _ that 
an adequate control of voice frequency 
signals be obtained by the use of a prefix 
before the transmission of ll _ signals 
which are liable to pass beyond the national 
boundary. The function of this prefix 
should be, firstly, that of splitting the line 
at a switching point in such a way as to prevent 
more than the permissible amount of the signal 
from passing beyond that switching point and, 
secondly, that of preparing the circuit to admit 
the subsequent receipt of a suffix signal. This 
principle of operation necessitates general agree- 
ment as to the line splitting time which corre- 
sponds to the maximum duration of the current 
passing beyond the splitting point. (The factors 
influencing the duration of the splitting time 
are detailed in Section 6.) It is important, 
therefore, that voice frequency signalling systems 
be designed to be non-responsive to short pulses 
of either signalling frequency. 


6. TIME VARIATIONS ASSOCIATED WITH 
VOICE FREQUENCY SIGNALS 


In D.C. signalling systems a change of 
condition is indicated by a change of potential 
or a change in the direction of current. It is 
usually possible for the circuit to be arranged 
for simultaneous signalling in both directions 
and, so long as it is wished to maintain the 
indication at the remote end of the circuit, it is 
possible to maintain the change of D.C. 
condition. 
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With A.C. signalling, continuous signals 
cannot easily be applied during speech condi- 
tions and it is, therefore, more difficult to 
maintain simultaneous signalling in both direc- 
tions, particularly on lines fitted with echo 
suppressors designed to prevent currents passing 
in both directions simultaneously. For this 
reason most A.C. signalling systems rely on the 
use of a series of impulses varying in duration 
or frequency. A response to these impulses 
can readily be obtained by the operation or 
release of relays, but the timing of these relays 
is subject to inherent variations due to adjust- 
ment and voltage margins. Furthermore, the 
reception of the voice frequency impulses will 
also be subject to variations due to line attenua- 
tion, frequency shift and the tuning of the receiv- 
ing elements. 

When a number of voice frequency receivers 
are attached on the same connection without 
end-to-end signalling, it is necessary that only 
the adjacent receiver respond to each signal ; 
otherwise confusion may be introduced by 
receivers responding to ‘foreign’ signals, 
especially when the same signal is used with 
different significance as the connection proceeds. 
In order to ensure correct operation some 
timing control is necessary. ‘This control must 
take into account the fact that interference on 
the line due to speech or tone may curtail the 
transmitted signal in such a way that its dura- 
tion, as received, may be any portion of the 
complete signal. 

The principle of the control employed 
restricts the signalling currents to portions of 
the complete connection in a way similar to the 
division of a D.C. circuit by means of con- 
densers. It is not practical to introduce filters 
to act as rejectors but it is possible to open or 
split the line at switching points adjacent to 
each voice frequency receiver. This splitting 
of the connection is produced by the sisnalling 
currents and, therefore, is not analogous to the 
case of filters, owing to the delay factor before 
the isolation is effected. If a signal of some 


predetermined time is arranged to open the 
line, then it follows that no impu'sz exceeding 
this period is capable of passing ovcr the line 
beyond the switching point. Thcrcfore, if it is 
arranged that all the significant signals are 
longer than the maximum splitting impulse, 
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the resulting effect is limited to the adjacent 
receiver which remains connected to the line 
after the splitting function has taken place. In 
order to guarantee that the maximum amount 
of current passing out of the system should not 
be exceeded, when adjustments and conditions 
are On maximum limits, splitting must have 
occurred at the termination of the specified 
duration; when adjustments and conditions 
are on minimum limits, splitting occurs before 
the predetermined maximum period. 

The function of the splitting relay is limited 
to opening the line beyond the receiver and 
subsequently reclosing the line. A second relay 
is necessary for checking the duration of the 
prefix signal. 

Similar timing variations apply to the prefix 
responding relay; and not only must the trans- 
mitted impulse be sufficient to cover this 
variation but, in addition, an allowance must 
be made for the transmission variations and 
the possibility that preceding voice currents on 
the line may have left the receivers in an in- 
sensitive condition, either because a signal may 
commence while tone is on the line or because 
the signal may follow a series of capacity dis- 
charges due to a subscriber entering or leaving 
the connection. In such circumstances there may 
be present on the line voice frequency currents 
which operate a guard circuit in the receiver 
and, until these currents have died down and 
the guard circuit has restored to normal, the 
signal response is liable to be impaired. 

It is naturally desirable to make the signalling 
as rapid as possible. If investigation of receiver 
immunity from speech interference indicates 
that the minimum splitting impulse permissible 
is 90 ms., an allowance of approximately 45 ms. 
is necessary for time variations of the receiving 
relay which may be adjusted to respond at 
90 ms. minimum, 135 ms. maximum, after the 
commencement of the receipt of the signal. 
Such a margin is desirable for the maintenance 
of this relay. 

On the basis of these figures, the minimum 
response time for the recognition of the signal 
prefix may be fixed at 150 ms. The prefix 
response relay requires a variation of 70 ms., 
giving a maximum release time of 220 ms. The 
transmitted impulse provides a margin of a 
further 30 or 40 ms. for losses due to generation, 
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Fig. 2—Constitution of the Signal | 
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Fs = maximum splitting time. 
c = minimum prefix response time. | 
d = maximum prefix response time. | 
e€ = minimum transmitted time of prefix. | 
f = maximum transmitted time of prefix. | 
g = suffix. 





transmission and preceding disturbances, so 
that the minimum basic signal builds up to 
approximately 260 ms., which is about three 
times the duration of the minimum splitting 
time. Any increase in the minimum splitting 
time requires a proportional increase in the 
length of the signal transmitted as a prefix 
(Fig. 2). 


7. CHOICE OF FREQUENCY FOR THE 
PREFIX SIGNAL 


7.4. The Complete Function and Application 
of the Prefix Signal 

The prefix plays such an important part in 
the built-up connection that it is desirable to 
outline its complete function and application 
before dealing with its constitution. It may 
appear contradictory that in a system using 
voice frequency currents there are advantages 
to be gained by dialling and signalling from end 
to end and yet means are necessary to prevent 
the signals and dial impulses from passing from 
end toend. The reason is apparent in consider- 
ing that a national network may be built up on 
a uniform code of signals and that, whenever 
two voice frequency circuits are joined together, 
the impulsing and signalling are extended with- 
out retransmission. Such a system is likely to 
be capable of connection to international lines 
leading to another national network following 
the same principles but using a larger or smaller 
code of signals. If these two signalling codes 
do not coincide, an adequate separation has to 
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be effected. The separation applies to the 
signals transmitted from any terminal. The 
receiver connected at the incoming end of a 
circuit can be arranged to use the prefix for 
splitting purposes to effect separation or, alter- 
natively, to allow the prefix to pass without 
splitting the line. 

The function of the prefix, as its name implies, 
is preparatory. Owing to the fact that voice 
frequency signals pass from one end of a built- 
up connection to the other end, the prefix 
indicates that a signal is being transmitted and 
that it has significance to the particular receiver 
which accepts the signal. At the time when the 
prefix is accepted and recognized, the line is 
split beyond the receiver and at the trans- 
mitting end it is also split before the signal is 
commenced. In these circumstances the two 
receivers are connected together free from any 
external interference and sensitive to the suffix 
portion of the signal, which can be short and 
of a single frequency frequently present in 
speech. The exact arrangement of the suffix 
portion of the signal is described in greater 
detail later. 


7.B. Frequencies Available 


Mention has previously been made of the 
recommendation of the C.C.1.F. on the frequen- 
cies to be used for signalling and dialling. 
Following this recommendation, which is to 
use the frequencies 600 and 750 p:s, it is 
possible to choose a single frequency for the 
prefix or a compound signal of the two frequen- 
cies transmitted simultaneously. A third possi- 
bility is the use of the frequencies alternately. 
This last possibility appears to introduce too 
much complication in timing if a number of 
components are used whereas, with two com- 
ponents only, it has little merit in comparison 
with the single frequency prefix in view of the 
difficulty of instantaneous switchover from one 
frequency to the other or the limitations 
imposed if a space component separates the 
frequencies. 


7.C. Speech Immunity 


It has been found that the compound prefix 
is preferable to the single frequencies for the 
following two reasons: Firstly, the compound 


frequency prefix permits a greater number of 
signals of each character or duration ; secondly, 
the greater immunity of the compound prefix 
from speech interference permits the use of a 
shorter prefix and, therefore, of quicker sig- 
nalling. 


7.D. Response Characteristics 


The response of the receiver to a compound 
frequency signal is slower than the response to 
a single frequency signal, owing to the division 
of available power between the two portions 
of the circuit. For the dial impulses a quicker 
response is desirable because less distortion is 
likely with a quick response ; but, for the larger 
splitting signal, an accurate time response is 
not so important, especially if the transmitted 
length of the signal has a reasonable margin 
over and above the maximum response time. 
There are advantages, therefore, in the use of 
a compound frequency signal for the prefix, 
with a single frequency for dial impulses. 


7.E. Number of Signals Available 


In considering the number of signals avail- 
able, it appears that a compound prefix may be 
followed by a suffix formed by either of the 
single frequencies or by a compound frequency, 
and that a single frequency prefix may also be 
followed by either of the single frequencies or 
by a compound frequency suffix, making three 
signals available in either case. 

There is, however, a danger that distant-end 
speech or the action of splitting may react on 
the receiver in such a way that the last portion 
of the prefix signal becomes detached from the 
earlier portion, so that, in effect, a broken prefix 
is received as a prefix and suffix. This possi- 
bility is greatest with adverse factors in the 
incoming receiver consisting of splitting time 
high, prefix time low, receiver response time 
high, space component low, suffix time low. 
This danger of misconstruction makes it in- 
advisable to use a suffix signal of the same 
composition but shorter than a prefix signal. 

As previously stated, the response time is 
liable to greater variation with a compound 
frequency signal than with a single frequency 
signal. Consequently, if the compound com- 
ponent is being used to form a part of the whole 
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signal, it is more suitable for the long prefix 
than as a short suffix or for dial impulses. 

The simple arrangement of prefix and suffix 
is, therefore, restricted to a compound prefix 
followed by either of the single frequencies 
used for the suffix, or one single frequency for 
the prefix followed by the other for the suffix. 
With the single frequency prefix a second signal 
can be obtained by reversing the frequencies 
and arranging a relay circuit to perform a 
double discrimination on prefix and suffix, but 
such an arrangement is restricted to the use of 
one single frequency in the forward direction, 
and the second for the return, since it is in- 
advisable to double the danger of speech inter- 
ference by the use of two separate prefix 
frequencies, although compensation could be 
introduced by a further extension of the length 
of the signals. Moreover, it is possible, with 
a relay circuit designed to make double dis- 
crimination of frequencies used in sequence, to 
obtain six separate signals from a suffix formed 
of two impulses following a compound prefix. 

The prefix alone is unsuitable for important 
signals because of the danger that other signals 
may be mutilated, not necessarily by speech, 
while safeguards to avoid this trouble slow down 
the speed of signalling. Before the possibility 
of speech connection necessitates the use of any 
prefix, short and long single frequency signals 
are available in a compound prefix system 
without the danger that a prefix signal may be 
misconstrued. 


7.F. Other Considerations 


There is no evidence that a receiver designed 
for compound frequency signals iminomates 
complexity. 


7.G. Conclusion 


For the above reasons, it is desirable to use 
a compound signal component for the prefix 
and single frequency components for dial 
pulses. 


8. VOICE IMMUNITY TESTS 


As already explained, the use of voice 
frequency currents for signalling and dialling 
systems is not based on the particular suitability 
of these currents for the purpose but rather on 
their suitability to the transmission char- 





acteristics of the long distance channels which 
are designed only for currents in the voice 
frequency diapason. The A.C. signalling 
systems using frequencies outside the speech 
band avoid certain of the difficulties experienced 
with voice frequency systems, but are subject to 
other difficulties. In systems restricted to the 
voice frequency range there is an inherent 
liability to interference from speech or tones. 
Precautions are necessary for the following 
possibilities : 


8.A. Distortion to dialling from near-end speech or 
noises picked up and transmitted by the microphone 
of the calling party. 

8.B. False splitting due to the presence of signal 
frequencies in speech. 

8.C. Failure to split correctly due to part of the signal 
being neutralized by transitory currents causing opera- 
tion of some guard circuits only, resulting in response 
to “foreign’”’ signals. 

Research work shows that the signal currents pro- 
duced in speech are rarely pure but are usually 
accompanied by harmonics and_ sub-harmonics. 
Although the signal currents may be sufficient to 
cause the operation of a relay corresponding to a 
signal frequency, it is still possible to avoid any result 
from this operation by adding a guarding element 
which is tuned to respond to a wide band of non- 
signal frequencies. Operation of this guarding element 
may disable the contacts of the signalling relay or act 
as an electrical bias serving to make more difficult the 
operation of the relay responding to the signalling 
frequency. These guard circuits introduce the further 
possibility of interference (Fig. 3). 

8.D. Inability to accept correct signals due to operation 
of guard circuit from speech or line noise. 











es 3— Arrangement of eaiite and guarding relays :— 

Relay X responds to 750 p:s. 

Relay Y responds to 600 p :s. 

Relay G responds to non-signal guard frequencies. 

Relay S releases when X and Y operate simultaneously 
with G normal in order to split the line. 

| Relay P releases after relay S to prepare remainder of cir- 

cuit to accept pulses from X or Y. 
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Bearing these possibilities in mind, it is 
evident that the immunity of the voice frequency 
system from interference is a primary condition 
to be taken into account in the design of the 
receiver and the arrangement of the signalling 
code. An investigation of the duration and 
combination of frequencies in speech can be 
carried out only by sampling the speech of a 
large number of individuals speaking over 
circuits with differing conditions. It is essential 
that a voice frequency system be universally 
applicable; that is, complete immunity from 
false operation must be provided fer every 
individual. 

The earliest immunity tests carried out 
showed spasmodic interference. For several 
days the circuit on test would operate without 
interference, and then in a short space of time 
a relatively large number of interferences 
occurred. It was observed that more faults 
were found when languages other than English 
were used. A rough comparison of immunity 
showed that the single frequencies were subject 


to approximately ten times the interference 
observed with cembined frequencies. Further 
tests carried out on the Continent showed 
similar results but with a somewhat greater 
advantage in favour of the combined signals. 
In 1938 an elaborate immunity test was 
carried out in London with a number of 
receivers of different types connected to the 
same circuit. These tests were designed for 
the primary purpose of determining whether 
the use of combined frequencies provides a 
system less liable to speech interference than 
one utilizing single frequencies when an equal 
time delay is employed or, alternatively, a 
system having the same immunity from speech 
operation with a smaller time delay. The 
secondary object of the test was to check the 
splitting time proposed at the C.C.I.F. meeting 
at Oslo, and, in addition, it was anticipated that 
valuable design information could be obtained. 
At first sight it would appear self-evident 
that a receiver responsive to simultaneous 
frequencies inherently possesses greater inter- 


TABLE I 


Voice ImMmMuNiITy TEST IN ENGLISH, FRENCH AND GERMAN 


Comparison between Single and Compound Prefix Signals. 


X Receivers measured to record X (750 p:s). 


Y ” ” 
XY ” ” 


56 Y (600 p:s). 
X and Y simultaneously. 


” 


Table represents false splits due to speech per 100 speech hours. 























seo ao 5 | | : | 
Receivers designed | | | Duration of Test | 
to split line open | 48/52 ms. | 96/104 ms. | 144/156 ms.) 192/208 ms.| 240/260 ms.| 288/312 ms.| in Speech Hours 
between 
cig aig a a at apc — spieg, lg el at | si 
| Level 10 xX} S803 | 2233 | 539 | 199 94 49 
y | 7002 | 2122 | @s | 2 | 1s 67 350 
| XY 100 1 | 3 9 1 a 
| 
ded Ree x 4663 | 1487 | 516 | 217 91 58 |) 
| Y | 4084 | 920 | 304 105 51 37 640 
XY 21 | 3 1 oy 0 0 
Level —10 X | 1736 | 431 | 129 | 47 23 16 | 
y|] 1189 | 242 | 74,—CO 28 11 5 350 
XY | 9 | 1 | 1 | 0 | 0 0 J 
Level —18 X 414 | 104 30 | 8 | 3 1 | 
Y | 242 | 33 6 | | 4 0 400 
XY 0 | 0 0 | 0 | 0 | 0 J 





Note 1.—This comparative test is not representative of actual false splitting because the hybrid coils 
used to attenuate near-end interference were disconnected. 


NoTE 2.—These measurements are made on a single group of receivers designed for use with a sending 
power of 1 mW of each frequency into 600 ohms measured as a steady frequency. Separate anode relays for 
X and Y provide means of measurement singly or in combination. There are obvious difficulties in achieving 
the ideal condition of equal power for single and compound signals. 
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TABLE II 


Voice IMMUNITY TEST IN ENGLISH, FRENCH AND GERMAN 


Comparison between individual receivers to show variation. 


X Receivers measured to record X (750 p:s). 


¥ ” ” 
ZY ” ” 


os Y (600 p:s). 
3 X and Y simultaneously. 


Table represents false splits due to speech per 100 speech hours. 











| | 
Receivers designed | 
to split line open | 48/52 ms. | 96/104 ms. | 144/156 ms. 
between 
Level + 10 XI 2610 720 158 
X2 4 160 946 310 
X3 2 452 550 154 
X4 10 448 3 234 926 
vi 4 426 | 934 266 
y2 14 432 3418 962 
Y3 1 860 498 162 
y4 9 850 2 270 542 
Yi 40 6 0 
xXY2 92 12 2 
| XY3 | 12 0 0 
X Y4 172 8 4 

















| | Duration of Test 
192/208 ms.| 240/260 ms.} 288/312 ms.| in Speech Hours 
| | 
80 38s 6 | 50 
118 58 31 | 50 
56 26 6 | 50 
248 130 | 72 50 
96 42. | is | 50 
366 182 72 50 
66 34 12 | 50 
270 90 52 | 50 
0 0 0 | 50 
0 0 0 50 
0 0 0 50 
0 0 0 50 











NOTE 1.—These measurements were made simultaneously on 50 hours of speech. 


NoTE 2.—This comparative test is not representative of actual false splitting because the hybrid coils 
used to attenuate near-end interference were disconnected. 


Note. 3.—These receivers were protected from speech by guard relays operating on non-signal 


frequencies and by the use of voltage limiting devices. 


ference immunity than a receiver requiring only 
one frequency. It is known also that other 
considerations associated with the receiver 
design prevent an ideal response. 

The test receivers were subjected to the 
requirements of a stringent specification inas- 
much as it is apparent that a receiver may be 
made very immune from speech if it has no 
other functions to perform. For example, an 
over-efficient guard circuit may be employed, 
accepting all frequencies other than those used 
for signalling. Furthermore, the guard circuit 
may be coupled with a delay of such magnitude 
that during speech the guard elements remain 
operated continuously. Both these conditions, 
however, must be controlled ; otherwise it may 
become impossible to signal in the presence of 
speech or tones. 

The conditions for dialling are also important 
because the least distortion possible is desirable 
for the dial impulses ; and, if the same frequency 
is used for prefix purposes, the receiver cannot 
easily be given the best adjustment to suit both 
conditions simultaneously. 





The results of these tests confirm the prefer- 
ence for the combined prefix, as compared with 
the single prefix, showing a reduction in inter- 
ference lying between 90 per cent. and 99 per 
cent., depending on the performance of different 
receivers and measurements made at different 
levels with different languages (Table [). 

One of the most important observations was 
the variation between receivers of the same 
design operating on the same circuit and at the 
same relative level, although all these receivers 
were accurately adjusted and check-tested from 
time to time (Table IT). 

The observations indicate that a 5 : 1 variation 
is not unusual in a relatively small group of 
receivers, and a much wider variation is probable 
between factory-produced receivers subjected 
to normal routine processes, so that the im- 
munity to be expected in practice is likely to be 
worse than that found during test. There was 
an indication that each design of receiver has 
a characteristic response to the variation of level, 
but the response was not consistent for different 
designs of receiver and, again, greater interfer- 
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ence was experienced with languages other than 
English. As these tests were carried out in 
London, it is reasonable to assume that in 
many cases the language used was foreign to 
the listener and that, with the desire to avoid 
misunderstanding, the voice was raised uncon- 
sciously, possibly accounting for the greater 
interference. 


9. DETERMINATION OF LENGTH OF 
PREFIX 


The immunity from interference and the 
speed of signalling are the two fundamental 
factors influencing the time of response to, and 
therefore the length of, the prefix signal. For 
the former, the prefix should be as long as 
possible, while for the latter it should be as 
short as possible. 

The presence in speech of signal frequencies 
for a sufficient duration results, first of all, in a 
splitting operation. If the signal frequencies 
are maintained for a longer period, they may be 
mistaken for a prefix signal, in which case the 
receiver in effect becomes more sensitive and 
there is then liability of a false signal being 
received. 

False splitting may mutilate speech to an 
extent slightly worse than that experienced 
with echo suppressors when a listener fails to 


break in during a conversation and a number of 
syllables or words are lost and the meaning of 
the sentence destroyed. Many statements 
representing questions or replies have a duration 
of only 200 or 300 ms., and such sentences may 
be totally lost on account of echo suppressors. 
The chief difference between echo suppressor 
losses and false splitting operations is that, with 
the former, the answering party is aware of the 
interruption and consequently is prepared to 
repeat the statement, whereas, with false 
splitting, the interference may remove a syllable 
or two from a statement during a period when 
the listening party knows that there has been 
no speech interruption ; for example, the words 
“90 pounds” may be received as “9 pounds” 
if the line is split for approximately 50 ms. It 
is, therefore, important that false splitting 
operations be avoided. 

False signals may cause an operator to 
challenge on the line or to make the circuit 
noisy, due to the operation of the speaking key 
or the direct reaction from splitting the line. 
Such conditions could be tolerated, say, once 
in every 250 hours, but false signals of a par- 
ticular type may result in the call being released 
and cannot be tolerated in normal circum- 
stances. The liability to a false signal involves 
the combination of a false prefix and a false 


TABLE III 


Voice IMMUNITY TEST IN ENGLISH, FRENCH AND GERMAN 


Comparison between guard circuits on compound prefix signals. 


A — Receivers arranged with voltage limiting device. 
B — Receivers also employing non-signal frequency guard relays. 


Table represents false splits due to speech per 100 speech hours. 


| Receivers designed 
to split line open 
between 


48/52 ms. 


Level + 10 


49 
11 


389 10 
3 


10 3 
4 1 


Level Zero 


Level — 10 


3 1 





0 0 
0 0 


Level — 18 


A 
B 
4 
B 
A | 4 1 
B 
A 
B 


| | 
96/104 ms. | 144/156 ms.| 192/208 ms.| 240/260 ms.| 


| 
| 
| | Duration of Test | 

288/312 ms.| in Speech Hours 


0 we a 
0 | i 350 
| 


0 hl a 


0 | } 500 


0 


0 | 
0 | } 





400 











NotTE.—This comparative test is not representative of actual false splitting because the hybrid coils 
used to attenuate near-end interference were disconnected. 





eas 


suffix, and it seems probable that the determina- 
tion of the minimum splitting time depends 
chiefly on the liability to false splitting. On 
the basis of observations made, 80-100 ms. 
seems to represent a reasonable splitting time, 
and this figure provides a tolerable margin for 
the receiving relay, ensuring that the maximum 
splitting time never exceeds the 150 ms. 
recommended by the C.C.I.F. for compound 
prefix signals (Table IV). 





| TABLE IV 
Voice IMMUNITY TESTS IN ENGLISH AND GERMAN 
Result of False Speech Operations 
With Comparisons between Different Signals. 
| Interference per 1000 hours circuit time at + 5 db. level. 


| Four receivers each tested on 680 hours occupied | 
time, during which voice currents were measured for | 
approximately 320 hours. 





Faults 


False Splitting x 18.75 


False Prefix X .. ae or 70 
y 

False Signal XX se ge 15 
¥ 

False Signal XSX 0.35 
y 

False Signal XY 1.65 


Y 
False Signal XSY 
Y 


0.35 











| X = 750 p:s; Y=600p:s; S =Space 20-100 ms. 





One other consideration which requires atten- 
tion in the arrangement of the prefix is the 
possibility that the relays timing the reception 
of the signal may become operated by a succes- 
sion of short pulses of signal frequency in 
speech, the cumulative effect of which is 
equivalent to a longer pulse. This type of 
trouble can be avoided almost entirely by the 
use of relays in the guard circuit operating in 
the first detected space to reject the interrupted 
signals entirely. The relay responding to the 
prefix signal should be rapidly reset to its 
nominal timing after operation, otherwise there 
is the danger that the receiver is in an over- 
sensitive condition immediately after receiving 
the prefix portion of the signal only. 


10. EFFICIENCY OF THE GUARD CIRCUIT 


Protection from false signals due to the 
presence of signalling frequency currents occur- 
ring in speech is obtained usually by voltage 
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limiting devices and circuits depending on non- 
signalling frequency, electrically or mechanically 
neutralizing any operation of the signal frequen- 
cies. The effect of these devices is further 
increased by delaying their restoration to the 
normal condition. It follows quite naturally 
that any attempt to signal while speech or tones 
are present on the line may be abortive due to 
the operation of the guard circuit. If signals 
are to be transmitted in these circumstances, 
they must be prolonged or repeated to permit 
them to be received at a time when there is a 
pause in the speech or tone. On this account it 
is undesirable for the guard circuit to operate 
with a time lag which would tend to bridge such 
pauses. For exactly the same reasons it is 
necessary that a maximum power level be 
established for the non-operation or release of 
the guard circuit to ensure that it does not 
remain operated due to room or line noises. 

Experience shows that speech at a relatively 
high level may maintain operated continuously 
for 4 or 5 seconds a guard circuit of normal 
sensitivity adjusted to enable at least seventy 
impulses out of a hundred to be received in the 
presence of speech. 

Inequality of the guard circuits is also a 
source of troubie, due to operation from 
“foreign” signals; for example, a _ voice 
frequency signalling circuit AB is connected by 
a 500/20 p:s ringing circuit BC to a second 
voice frequency signalling circuit CD. If the 
guard circuit at B operates on all non-signal 
frequencies, whereas the receivers at C and D 
are only incapacitated by non-signal frequencies 
below 500 p:s, interference is likely because a 
500 p:s current may prevent splitting and 
prefix recognition at B, so that a signal from 
A reaches D. The acknowledgment signal is 
normaliy prevented from passing back beyond 
C, meanwhile A is repeating the signal to B. 
In spite of the difficulty of regulating the 
efficiency of the guard circuit, it seems desirable 
that the C.C.I.F. consider and recommend what 
course should be followed. 


11. CONSIDERATIONS CONTROLLING THE 
GENERAL ARRANGEMENT OF THE 
VOICE FREQUENCY CODE OF SIGNALS 
(TABLE VY) 

As mentioned in Section 8, there are a 
number of interference sources which are liable 
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to interfere with dialling and signalling, due to 
the presence of speech or tones on the line. 
The construction of a code of signals necessitates 
examination of these disturbances due to speech 
and, also, some record is required of the 
extraneous conditions which are liable to impair 
the integrity and stability of the signals. 


11.A. Disturbance to Impulsing 
Possible sources of interference, in order of 


importance, are .-—— 

11.4 (1). Disturbance in the D.C. circuit, including 
the dial, upsetting the receiver at the distant end of 
the toll line. As the disturbances take place before any 
operation of the D.C. circuit, it is very difficult to protect 
the receiver by opening or short-circuiting the line at 
the outgoing end sufficiently early to avoid a discharge 
from the first impulse. A similar type of trouble may 
arise at the incoming end due to capacity discharges 
in the D.C. circuit reacting on the incoming voice 
frequency receiver. This disturbance is to be expected, 
not only on the first impulse but subsequently at the 
time of switching from one selector to another in a 
step-by-step system. 

11.A (2). Liability of all sounds to which a microphone 
is sensitive being transmitted from the caller’s telephone 
during the inter-digital pauses. If these currents are 
of the signalling frequency, false dial impulses may 
be recorded and retransmitted by the voice frequency 
receiver. If the currents are of guard frequency, the 
receiver is rendered insensitive until the guard circuit 
is restored ; thus impulses may be mutilated. 

11.A (3). To render an accurate response to impulsing, 
the incoming receiver is designed to operate from quite 
short pulses of the impulsing frequency which are 
known to occur frequently in speech. To avoid the 
creation of false impulses during speech, the incoming 
receiver needs to be insensitive to such pulses as soon 
as the dialling is completed. 

11.A (4). A troublesome type of interference involves 
dialling over a built-up connection including two 
separate V.F. portions. If there is a normal forward 
speech path, the dial impulses on the first portion will 
also be operative on the incoming receiver of the 
second portion and possibly also on the outgoing 
receiver of the second portion. 


11.B. Possible Methods of Impulsing 

There are two methods of approach to these 
difficulties. Either the path for forward speech 
is not connected through until dialling is com- 
plete or, conversely, the speech path is normally 
connected with the receivers in an insensitive 
condition until the operations resulting from 
dialling create changes in conditions to sensitize 
the receivers. In either case the backward 
speech path may be maintained for the trans- 
mission of tones indicating the condition of the 
connection. Systems providing a distinctive 
end-of-selection signal can be arranged to dis- 
connect the dialling circuit and to connect the 
forward speech at the end of selection. In 
other systems, one of the following methods 


may be applied :— 


11.B (1). Speech path connected through on 
restoration of the dialling key independently 
of any answer signal. 

11.B (2). Answer signal provided on all calls 
with no forward speech before answer. 

11.B (3). Tone- or speech-operated signal to 
switch through forward speech. 

11.B (4). Counting number of digits passing 
to control switching of forward speech path. 

11.B (5). Regeneration of impulses, with or 
without prefix signal, before each train of 
dial impulses. 

Considering these possibilities in greater 


detail :— 


11.B (1). Dial key control is simple and circuit arrange- 
ments can be made to pass a suitable signal forward 
over a D.C. circuit even if the operator is dialling 
from an exchange other than that at which the toll line 
terminates. This type of control is, however, quite 
unsuitable for subscriber dialling owing to the absence 
of any signal when dialling is completed and the 
introduction of a new signal must be avoided. The 
dial key control method needs, in addition, some signal 
to the incoming receiver to transfer it into a speech 
condition (See 11.A (3)). There is also difficulty 
if a connection necessitates two-voice frequency sections 
without end-to-end signalling owing to the difficulty 
of passing forward the dial key control to the second 
section. 

11.B (2). The universal answer signal introduces the 
difficulty that all calls must be metered before any 
speech can commence. This is not a serious matter 
on long distance calls for which there is an operator 
available to prepare a suitable ticket. It is more 
serious on local calls because, if the connection is not 
completed, credit must be established for every 
uncompleted call. Over the V.F. circuit there is no 
difficulty in transmitting a special answer signal which 
does not result in metering, but the D.C. terminations 
have no means for transmitting such a signal. Difficulty 
is also experienced in systems which include 50 p:s 
and 150 p:s A.C. signalling circuits which may be 
arranged to pass the proceed-to-dial, end-of-selection 
and answer signals without being capable of differenti- 
ating one from another. On such a connection no in- 
formation is conveyed to an intermediate V.F. section as 
to which is the answer signal and, in consequence, no 
switching operation is possible. 'To summarize, the 
use of a blocking valve to prevent forward speech is an 
effective cure to the troubles, but it introduces 
difficulty of its own in being dependent on an answer- 
ing signal which may not be convenient, especially on 
international circuits. 

11.B (3). The tone- or speech-operated device must 
respond to low level speech and must not respond to 
any line noises encountered before the dialling is 
completed. The arrangement would be inoperative 
in the case of the receiver being lifted immediately 
and no speech following. The receivers at the in- 
coming end of the line must include a similar device 
to terminate the dialling condition (See 11.A (3) ). 
Again the blocking valve is an effective cure. The 
arrangement depends on a mechanically responsive 
guard circuit which will switch through the speech 
path. The arrangement is possibly more suited to 
national then international use, because in the former 
case there is more definite control of the tones which 
are likely to be encountered during the dialling process. 

11.B (4). Counting the number of digits transmitted is 
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a possible solution in simple systems, but the pro- 
cedure becomes very complicated in mixed digit 
numbering systems unless the principle can be applied 
as a means of identifying an end-of-selection signal. 
In such circumstances there is no need to discriminate 
between the value of the digits but only to record 
whether more than one train of impulses passes in 
response to a proceed-to-dial signal. 

11.B (5). Impulse regenerators offer some interesting 
possibilities in connection with voice frequency 
dialling. These regenerators function to store and 
retransmit impulses. Because the incoming impulses 
may vary in speed, it is usual for the regenerators to 
make a smal! delay before commencing to send a digit 
which is being received. This principle makes it 
possible to prepare the outgoing end of the line for im- 
pulsing and permits the incoming receiver to settle down 
after any disturbance which may be caused at the com- 
mencement of the first impulse. In a similar way the 
regenerator at the incoming end may be used to dis- 
associate the D.C. portion of the circuit and, in 
consequence, prevent the condenser discharge from 
reacting on the incoming receiver. In subscriber 
dialling systems the use of a prefix before each digit 
is a most convenient method of avoiding the use of 
signals to arrange the speech condition. With this 
arrangement the circuits are normally in the speech 
condition and are completed for the dialling condition 
temporarily. This technique requires the storage of 
impulses at the outgoing end which is adequately 
accomplished by a regenerator. The disadvantage of 
the regenerator method is the delay period introduced 
before sending the first digit, but such a delay is 
encountered frequently on register and other systems. 


TABLE V 






































TypicaL V.F. SIGNALLING CODE WITH AUXILIARY SIGNALS 
| Indication in Indication in 
Signal Direction Direction 
ones —— --_—> <— 
a Seize 

| ¥: Test Busy Proceed-to-Dial 

ax (R) Forward Trans- | (R) Answer (Meter) 

y fer 

or 
(R) Offering, Break- 
down and Ring 

Forward (R) Ring Back 

am Acknowledge Acknowledge | 

OS * Clear Forward * Clear Back 

(R) End-of-Selection 
(R) or Answer (Non- 
meter) 

BRS) 9 Release 

iY 
NOTES. - 


1—X = 750 p:s, Y= 600 p:s, i compound 600 and 750 p:s. 


2.—(R) represents signals repeated until acknowledged. 
3.—* represents repeated signals. 
4.—Dial impulses use X (750 p:s) frequency. 


SIGNAL TIMING : 
1.—Prefix length: 250-280 ms. 
2.—Signal length: 60-70 ms. Release : 250-280 ms. 
3.—Interval between repetitions : 550 min. incoming. 
650 min. outgoing. 
4,—Interval prefix and signal: 33 ms. 


11.C. The Answer Signal 


The second main problem concerns the safe- 
guarding of the answer signal. Occasional sub- 
scribers are notoriously ingenious in finding 
methods of avoiding payment so that, for sub- 
scriber dialling systems, it is essential to 
preclude the possibility of a short answering 
signal being lost due to the transmission of 
additional digits or shouting on the line. Systems 
depending on the answering signal for switching 
through the forward path are immune from 
speech and line noises but there is the pos- 
sibility of dialling interference or the creation 
of signals by switch-hook flashing. Other 
systems are free from the interference due to 
subsequent dialling owing to an arrangement 
which will release the connection in these cir- 
cumstances. An answer signal which is long 
enough to exceed in duration subscriber- 
produced interference is undesirable because of 
the delay introduced before the commencement 
of conversation. 

Probably the most satisfactory method of 
safeguarding the answer signal is to repeat the 
signal until it is acknowledged by a combination 
of frequency which the subscriber cannot pro- 
duce by manipulation because the splitting 
technique prevents the subscriber from blocking 
the answer signal and subsequently transmitting 
the answer acknowledgment. 

It is found by experiments, carried out to 
investigate the delay in response after the ring- 
ing current is cut off by the closure of the D.C. 
path when the called party answers, that 
response in less than 1.75 seconds is unusual 
and that the inability to commence forward 
speech for such a period is not noticeable to 
either party. Any delay beyond 3 seconds is 
liable to cut off the first forward syllables, 
whereas, with a delay exceeding 5 seconds, there 
is a danger of the called party abandoning the 
call. ‘The answer signal with acknowledgment 
needs 1.25 seconds approximately. If the voice 
frequency signals are being retransmitted at 
transit exchanges, each additional circuit needs 
only 0.5 second because the retransmission is 
concurrent with the first acknowledgment signal. 


11.D. 
It is necessary that the arrangements to be 
adopted for releasing the voice frequency line 


Clearing and Release Signal 
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ensure that the two ends release simultaneously 
and definitely. The presence of an intermediate 
echo suppressor may interfere with a single 
signal unless it is of very long duration. There 
is danger also that the guard circuit of the incom- 
ing receiver may be operated while the signal is 
arriving, and in such circumstances there is 
naturally the danger of interference. 

The layout of the system may be such that 
the release is under the control of an operator 
at the incoming end of the toll line, and in such 
circumstances complete release from a signal in 
the forward direction is undesirable. If the 
connection has been extended by an operator at 
the incoming end by means of a cord and plug, 
it may not be permissible to release the toll line 
until the operator has removed the plug from 
the jack. A single forward impulse release 
signal must then be followed by a backward sig- 
nal, to maintain the line engaged at the outgoing 
end until it becomes free at the incoming end. 

An indication of the length of the forward 
impulse necessary to break through interference 
can be judged from the fact that approximately 
50 per cent. of line talk spurts which do not 
exceed 6 seconds duration are estimated to be 
without sufficient pause to permit an echo sup- 
pressor to release. The most frequent pause in 
speech has a duration between 200 and 400 ms. 
and an echo suppressor may absorb a pause of 
less duration. 

Tests comparing the relative immunity of 
short and long signals to speech interference 
indicate that with a very sensitive guard circuit 
speech currents may prevent more than 5 per 
cent. of signals having a duration of 300 ms. 
from being received, whereas the receivers 
accept at least a 300 ms. portion of 50 per cent. 
of signals with 2 seconds duration, and with the 
signal extended to 6 seconds, 99 per cent. suc- 
ceed in providing a signal exceeding 300 ms. to 
the incoming receiver. ‘There is evidence to 
show that the guard circuit should, in practice, 
be much less sensitive and permit approximately 
70 per cent. of the 300 ms. signals to be accepted. 
With a guard circuit of this efficiency some 
98 per cent. of the 2-second signals are safely 
received, provided there is no loss due to echo 
suppressors which should be considered as a 
separate source of interference when present. 
The operation of a normal echo suppressor will 


block a line in one direction and, so long as the 
echo suppressor remains operated, no voice fre- 
quency signal can be transmitted in the direction 
suppressed. 

On circuits in which intermediate echo sup- 
pressors are unavoidably present, interference 
can be restricted by admitting some measure of 
delay. 

11.D (a). By repeating the signals until they are 
acknowledged, preferably with an arrangement by 
which transmission is delayed if the guard relay is 
operated due to the presence of guard frequencies. 

11.D (6). By repeating the signals when the reception 
of other tones at the transmitting end indicates a 
probability that the signal path is not open. 

11.D (c). By delaying the transmission of signals if the 


reception of other tones at the transmitting end 
indicates a probability that the signal path is not open. 


Using the method which depends on the 
repetition and acknowledgment of signals, it is 
necessary to hold the transmitting end of the 
line open until the acknowledgment is received, 
in order to ensure that the echo suppressor is 
not maintained operated by extraneous currents 
mutilating the acknowledgment. It is also 
necessary to ensure that the acknowledgment 
signal is not transmitted until a sufficient period 
has elapsed to cover the hangover time of the 
echo suppressor. ‘These two requirements do 
not introduce difficulty. 

The detector required for the second method 
must necessarily be more sensitive than the 
echo suppressor, yet not sufficiently sensitive to 
operate in response to noise. This requirement 
appears to set very close limits on the detector 
because the margin between the noise level and 
the sensitivity of the echo suppressor is fre- 
quently small. 

There is also the possible danger that the echo 
suppressor may operate undetected after the 
commencement of transmission but before the 
receipt of the signal. As with the acknowledg- 
ment method, it is also necessary to ensure that 
the signal is not transmitted until sufficient time 
has elapsed to cover the hangover time of the 
echo suppressor. It is, therefore, desirable to 
employ a repetition method in all cases of lines 
with intermediate echo suppressors. ‘Terminal 
echo suppressors situated at transit points 
become intermediate echo suppressors when 
lines are switched through. 

The difficulties encountered with echo sup- 
pressor interference are allied to those due to 
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the operation of the guard relay in the voice 
frequency receiver. 

For lines of all types a uniform principle of 
release is obtained by a forward clearing signal 
repeated periodically until a backward release 
signal has been received. ‘This arrangement 
avoids the use of continuous backward signals 
and maintains the line available for re-ring and 
forward supervision signals. 

It is very desirable that the ultimate release 
signal should be different in character from other 
signals inasmuch as the design of the transit 
receiver circuit is more simply’ arranged to 
recognize such a condition rather than the com- 
bination of certain signals in each direction. 


11.E. Proceed-to-Dial Signal 


In many systems it is desirable to include a 
proceed-to-dial signal to indicate when a register 
or connecting circuit is attached at the incoming 
end. This proceed-to-dial signal is valuable also 
on both-way circuits on which the risk of call 
collisions is serious due to the use of toll board 
circuits which indicate to the operator im- 
mediately a toll line becomes available. It is 
possible by means of the proceed-to-dial signal 
and a simp!e circuit addition to give a preference, 
for example, to the call coming from the direc- 
tion of the national toll centre, the other call 
being connected to busy tone. 


11.F. Clear-Back Signal 


The clear-back supervision when the called 
party flashes can be given either by a signal on 
hanging up and another signal on lifting the 
receiver again, or by sending a succession of 
signals while the receiver is on the rest. The 
latter method is preferred owing to the possi- 
bility of interference by speech and the con- 
sequent complication and slowing-up of sig- 
nalling if any method of acknowledgment is 
adopted. 

At first sight it would appear to be possible 
to allow the clear-back signal to take the form 
of a prefix followed by a succession of suffix 
signals, but such a signal would be dependent 
on the safe reception of the initial prefix and 
would jeopardize the possibility of inserting a 
forward re-ring signal owing to the delays in- 
troduced between receiving and transmitting to 








provide time for the receiver response, propaga- 
tion time and echo suppressors, as described 
later. If the suffix signals are spread out, there 
remains no advantage in comparison with the 
repeated signal without acknowledgment. 


12. SIGNAL CODE TIMING 
12.A. Prefix 


As indicated in Section 6, the minimum 
splitting time to guard against speech inter- 
ference is approximately 80-100 ms. and, to 
avoid interference between systems, a current 
duration of not more than 150 ms. is permitted 
to pass the splitting point. This condition 
necessitates that the line should be split not 
later than 150 ms. after the current reaches the 
splitting point. 

If the response time of the receiver is 25 ms. 
when operating under conditions extreme but 
liable to occur, then the artificial delay to be 
provided cannot exceed 125 ms. as a maximum. 
If the timing element measuring 125 ms. does 
not itself open the line but closes the circuit for 
a relay, the operation of which performs this 
function, then the artificial delay is again reduced 
to allow for the operating time of this relay. 
The period elapsing while the timing element is 
restoring on the cessation of the voice frequency 
current is also important because this time and 
the receiver response time have a very direct 
bearing on the immunity of the system. 

If the line is to be split to guarantee that 
current does not pass out beyond the splitting 
point for more than 150 ms., it is impossible for 
a receiver with a response time of 25 ms. to 
check the maintenance of the current for the 
whole period of 150 ms. before opening the 
line ; actually the receiver is out of phase and, 
by the time 150 ms. is measured, 175 ms. of 
current will have passed out to the line. The 
minimum length of impulse causing the splitting 
action is indicated generally by the artificial 
delay provided. If the artificial delay comprises 
a relay, then the minimum release or operating 
time of this relay represents the duration of the 
impulse which is liable to split the line. 

As already mentioned, the prefix reception is 
timed to fall between 150 ms. and 210 ms. For 
this circuit the response time losses are not 
detrimental but there is no reason why the 
prefix should not be checked for the full period 
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of 150 ms. when on minimum adjustment. This 
does not mean that there is any additional margin 
because the splitting arrangements at an inter- 
mediate point may pass a current lasting for the 
full period of 150 ms. although the line will 
generally be split before the impulse has reached 
this duration. The prefix time to be trans- 
mitted therefore must exceed the maximum 
receipt time of 210 ms. and make some allow- 
ance for generation variations. It is known 
that the guard circuit of the receiver is frequently 
operated during a conversation and it is found 
that, if the transmitted prefix has a reasonable 
margin above the receipt time, the receiver has 
a greater chance of recovery. 

For research purposes 43 000 test impulses of 
50 ms. duration were connected to a line on 
which speech was present and to which a num- 
ber of receivers adjusted to receive impulses of 
50 ms. were attached. 18900 impulses were 
received. At the same time 43 000 impulses of 
120 ms. duration were connected to a line on 
which the same speech at the same level was 
present and to which a number of receivers 
adjusted to accept impulses of 100 ms. were 
attached. 34 (000 impulses were received. This 
test was repeated with a smaller number of 
receivers on which the mechanical response to 
the guard circuit had been disabled. Of 4 000 
impulses of 50 ms. duration transmitted with 
speech on the line to receivers adjusted to accept 
impulses of 50 ms., 3988 were received. Of 
4 000 impulses of 120 ms. duration transmitted 
with the same speech on the line to receivers 
adjusted to accept impulses of 100 ms., 3987 
were received. These figures show a certain 
loss due to the voltage limiting device in the 
receiver but a considerably larger loss due to the 
operation of the guard circuit from non-signal 
frequencies (Table III). 


12.B. Suffix 


The C.C.1.F. recommend that the transmitted 
prefix fall between 250 and 350 ms., providing 
at least 40 ms. margin above the maximum 
adjustment time of the receivers. 

The length of the suffix signal is fixed between 
50 and 100 ms., representing approximately the 
duration of dial impulses. The circuit con- 
ditions are not difficult and a shorter impulse 
might be satisfactory. The pause between pre- 


fix and sufhx must be sufficient to be easily 
recognizable and to permit relay operations to 
take place. 30 ms. is probably the minimum 
time which is satisfactory, whereas 50 ms. may 
be considered as the maximum. 


12.C. Release 


The suffix portion of the release signal has 
the same minimum duration as the prefix. ‘The 
advantage of this longer suffix lies in the simpli- 
fication made possible in the voice frequency 
receiving circuit when switched into the transit 
condition. 

Reference will be found in Section 13 to the 
considerations in favour of switching out voice 
frequency receivers when a number of circuits 
are used to build up a connection. Once the 
switching has taken place, the receivers at the 
transit points have no further functions to per- 
form until the time of the release. If the release 
signal is of a different character from the other 
signals, then it can be recognized without 
difficulty. 

With the use of a signal consisting of a prefix 
followed by a long suffix, false operation from 
speech is prevented by the prefix which does 
not split the line but prepares the circuit for 
the sufhx. Complication is introduced if the 
transit receivers are expected to recognize the 
direction of transmission of the release signal 
and inadequate limits may be obtained if the 
transit receiver has to release, for example, on 
500 ms. of 600 p:s passing in one direction but 
not to release on 1 000 ms. of the same frequency 
passing in the other direction. It is equally 
undesirable that the transit receiver should be 
called upon to release in response to signals 
passing in each direction in sequence. Such an 
arrangement would introduce further timing 
margins and necessitate providing for all the 
possible combinations of interference and simul- 
taneous transmission. 


12.D. Impulsing 


The duration of the dial impulse may be con- 
trolled by the other conditions existing for 
setting up the remaining portions of the con- 
nection inasmuch as the voice frequency signals 
can be transmitted over reasonably wide limits 
such as a make-to-break ratio of 2:1 or 1:1. 
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With the use of impulse regeneration the im- 
pulses over the voice frequency portion can be 
operated on a 1:1 basis, although both input 
and output are on a 2:1 basis. In a similar 
way the input and output can be varied in- 
dependently and, if the conditions on the voice 
frequency circuit are outside normal limits, 
impulsing on a 1: 1 basis may be found -to be 


preferable. 


12.E. Intervals 


The C.C.I.F. recommend an interval between 
repeated signals of 550 ms. minimum. This 
time is measured from the end of the trans- 
mission of the suffix of the first signal to the 
commencement of the transmission of the prefix 
of the second signal. It is apparent that the 
interval is insufficient to receive the whole of a 
signal in the reverse direction and, therefore, 
the receiver does not commence to transmit if 
it detects the beginning of any reverse signal. 
The period of 550 ms. provides for a number of 
different delays, many of which are variable. 


12.E (1). The propagation time in the signal direction. 

12.E (2). The response time of the receiver accepting 
the signal. 

12.E (3). The release time of any relay held operated 
during the receipt of prefix and suffix. 

12.E (4). The operation time of relays in preparation 
for the transmission of acknowledgment. 

12.E (5). The propagation time in the acknowledgment 
direction. 

12.E (6). The response time of the receiver accepting 
the acknowledgment. 

12.E (7). The operation time of relays to delay the 
repetition. 


If these operations are not completed within 
the period of 550 ms., the signal in the reverse 
direction is lost. On lines equipped with echo 
suppressors it is necessary to ensure, not only 
that the reverse signal does not arrive too late, 
but also that the echo suppressor does not clip 
the signal to such an extent that the portion 
received is insufficient to provide the correct 
change of condition. 

The hangover time of the echo suppressor 
does not necessarily constitute any additional 
period because it runs concurrently with the 
time required for items 12.E (2, 3 and 4), and 
that portion of the propagation time necessary 
for the signal to pass from the echo suppressor 
to the receiver and subsequently from the 
receiver to the echo suppressor. If the sum of 
these separate periods exceeds the hangover 
time of the echo suppressor, the latter can be 





disregarded but, if the sum with the minimum 
timings permitted is less, then there is the 
danger that the echo suppressor will mutilate 
the reverse direction signal. One method of 
avoiding this trouble is to extend the prefix by 
a period which is sufficient to ensure the normal 
length of the impulse to pass the echo suppressor 
under all conditions. The increased length, 
when received, is not detrimental to the accept- 
ance of the signal and the delay introduced is 
relatively small. 

An approximate division of the time avail- 
able is :— 


12.E (1). Forward propagation time to echo 

suppressor oe oa .. 150 ms. 

Forward propagation time, echo 

suppressor to receiver 25 ms. 
12.E (2). Receiver response time she 15 ms. 
12.E (3). Signal relay release time .. .. 110 ms. 
12.E (4). Signal transmission preparatio 

time eve me i on 30 ms. 
12.E (5). Reverse propagation time, receiver 

to echo suppressor. . 53 a 25 ms. 

Reverse propagation time from 

echo suppressor .. ns .. 150 ms. 
12.E (6). Receiver response time .. se 15 ms. 
12.E (7). Delay relay operations .. .. 30 ms. 


If the propagation time on the first national 
system is 25 ms., that on the international cir- 
cuit may be 125 ms. These figures indicate that 
there is not a very large margin available, but 
the trend of development is towards the in- 
creased use of carrier transmission with quicker 
propagation times. 


13. TRANSIT WORKING 


If a number of voice frequency circuits are 
switched together it is possible to arrange that 
the voice frequency receiver at the transit 
points are in such a condition that they do not 
respond to any further signals other than the 
final release signal. Alternatively, the voice fre- 
quency receivers at the transit points may be 
left in circuit, the signals being retransmitted 
over each section of line. 

Each repetition will introduce a source of dis- 
tortion of impulsing. With the connection 
switched through, less distortion is to be 
expected, although the received frequency is 
liable to some change due to carrier drift, 
resulting in a small distortion of impulse output 
from the receiver. 

As regards signalling, it is apparent that the 
retransmission of signals will be slower than 
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end-to-end signalling because each retransmis- 
sion will add approximately 500 ms. The chief 
advantages of retransmission are that :— 

13.A (1). Terminal echo suppressors cannot be switched 
into intermediate echo suppressors, which tends to 
restrict the echo suppressor interference possibilities. 

13.A (2). Special circuit arrangements are unnecessary 


to set up the transit condition, although arrangements 
must be made for transmitting signals over the D.C. 


path. 

13.A (3). Independence from line limitation in connec- 
tion with propagation times, carrier drift, etc. 

These advantages are offset by the difficulty 
of tuning a number of receivers to give an 
identical response resulting in :— 

13.B (1). An increased number of false splitting opera- 
tions due to the larger number of receivers awaiting 
signals, and 

13.B (2). Erroneous end-to-end signalling due to failure 
to split line owing to transitory operation of guard 
circuits. 

There are no clear-cut advantages in favour 
of either method, but with the use of signals 
repeated until acknowledged, the inconvenience 
of the intermediate echo suppressor is eliminated 
and, in consequence, the difficulty of tuning 
(see 13.B (1) ) becomes the paramount factor. 
In recommending end-to-end signalling with 
the use of repeated signals it is apparent that 
circumstances are likely to arise to justify a 
degree of separation and_ retransmission, 
especially on international connections. 


14. SUMMARY OF RESEARCH WORK IN 
PROGRESS AND QUESTIONS AWAIT- 
ING CONSIDERATION 


The elaborate voice immunity tests which 
have been undertaken to obtain comparable 
figures for receivers of the same and different 
designs present a strong case in favour of the 
use of a combined prefix signal. The tests 
provide useful information on the relationship 
between the duration of false signals and their 
quantity. Some irregularity is apparent on 
radio channels, but in other respects the records 
are consistent. A subsequent series of tests to 
measure the actual number of false splitting 
operations is still proceeding. The figures 


obtained during the last six months indicate 
the amount of interference to be expected and 
provide interesting information as to the relative 
immunity of various arrangements of the suffix 
portion of the signals. 

At the forthcoming meeting of the C.C.I.F. 


Permanent Sub-Commission it is expected that 
a recommendation will be made as to the com- 
position of all the principal signals to be used 
on international circuits. At the same time it 
should be possible to outline the auxiliary sig- 
nals which may be needed from time to time. 

A recommendation has already been issued on 
the impulsing speed and consideration will be 
given to the impulse ratio, and possibly also to 
the pause between trains of impulses. 

Although it is not possible to investigate in a 
short time all the difficulties involved in the 
transmission of voice frequency signals, some 
consideration will be given to the most desirable 
methods of ensuring the safe receipt of such 
fundamental signals as answering and releasing. 
This investigation will naturally include a study 
of the influence of echo suppressors. 

Recommendations issued subsequent to the 
Oslo meeting specified the general conditions 
for the design of voice frequency receivers. 
A study has been proceeding on the require- 
ments to be recommended for the control of the 
guard circuit elements. The conditions to be 
considered include the signal-to-noise ratio 
under which the guard circuit must be guaran- 
teed to operate and not to operate and the range 
of guard frequencies. 

Finally, the author wishes to acknowledge 
the valuable suggestions and criticisms otfered 
by a number of his associates, particularly Mr. 
C. B. V. Neilson, of the Woolwich Laboratories 
of Standard Telephones and Cables, Limited. 


APPENDIX No. 1 
V. F. Signalling 


(Glossary of Terms) 

1. Tone 

An audible indication to Subscribers and 
Operators of conditions such as “busy,” 
“ringing.” 

The word also refers to the currents convey- 
ing these indications. 
2. Frequency 

An abbreviation for an alternating current or 
potential having a frequency of so many cycles 
per second . . . example, X frequency. 
3. Signal 

A frequency or combination of frequencies 
transmitted according to a code over the circuit. 
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4. Seizing Signal 

A signal transmitted at the commencement 
of a call to initiate circuit operation. If the cir- 
cuit is of both-way type, the signal causes the 
distant outgoing termination to test busy. (In 
certain systems it will result in the attachment 
of registering mechanism.) 


Note.—For use on omnibus lines, a varying code may 
be desirable for the signal. 


5. Impulsing Signal 
A signal carrying the selective information to 
steer the call in the desired direction. 


6. Answer (Meter) Signal 

A signal transmitted in a backward direction 
when the called subscriber answers the call. 
In certain circumstances this signal may also be 
sent by an operator. 


7. Answer (Non-Meter) Signal 

A signal transmitted in a backward direction 
to make circuit changes when an operator 
answers during the setting up of a connection ; 
e.g., to prepare the circuit for speech. 


8 Clear-Down Signal 

A signal transmitted forward as a result of the 
calling operator removing the plug from the 
jack or performing some equivalent action. 


9. Clear-Forward Signal 

A signal transmitted as a result of the calling 
subscriber replacing his receiver when the 
release of the connection may be restrained by 
a manual hold condition. 


10. Release Signal 

A signal recognized by the transmitting, re- 
ceiving and transit receivers to be the final 
signal of a call. At the cessation of the signal 
the circuits will become free at all points. 


1l. End of Selection Signal 

A signal which may be transmitted in either 
direction and can be used to prepare the circuit 
for speech. (The signal is normally given by a 
register.) 
12. Offering Signal 

A forward signal transmitted in face of busy 
tone to cause the final selector to permit speech 
access to the required subscriber. 


13. Breakdown Signal 

A forward signal to cause the release of 
selectors employed in a previous connection if 
the called subscriber accepts an offered call. 


14. Ring Forward Signal 
A forward signal transmitted by an operator 
to ring the wanted subscriber. For example :— 


(a) After offering. , 
(b) After the called subscriber has replaced his receiver. 


15. Ring Back Signal 
A backward signal to recall a calling sub- 
scriber held by the operator (manual hold). 


16. Flashing Signal 
A signal from one operator to another or 
from a subscriber held by an operator. 


17. Forward Transfer Signal 

A signal forward which may cause the release 
of selectors to transfer a call to an operator, 
either directly or by dialling a further digit. 


18. Backward Transfer Signal 

A signal transmitted in a backward direction 
by an incoming operator to cause the inter- 
vention of an operator at the calling end. 


19. Manual Hold 

A condition whereby the calling subscriber 
(or operator) loses the complete control of the 
connection, so that, in spite of performing the 
regular clearing function, the line is not released. 
The distant operator receives a supervisory 
signal. 


20. Clear Back Signal 

A signal transmitted in the backward direc- 
tion, indicating that the called subscriber has 
replaced the receiver. This signal will be used 
to indicate a corresponding action on the part of 
the operator. 


21. Proceed-to-Dial Signal 

A signal transmitted in a backward direction 
and which may be used before dialling com- 
mences or after a code or codes have already 
been dialled. 


22. Busy Flash Signal 

A signal transmitted in a backward direction 
to operate a supervisory lamp to indicate outlet 
or subscriber busy. 


23. Test Busy Signal 
A signal transmitted over a circuit to cause a 
distant O/G. termination to test busy. 


24. Simple Signal 
A signal consisting of only one frequency. 


25. Compound Signal 
A signal in which more than one frequency 
is transmitted at a time. 
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26. Signal Component 
That part of a signal which continues uniform 
in character throughout its duration. 


(In the case of a multi-component signal, with spaces 
between current pulses, a space may be regarded as a 
“‘space component.’’) 


27. Single Component Signal 
A signal consisting of only one component. 


28. Multi-Component Signal 
A signal consisting of more 
component. 


than one 


29. Sequence Signal 

A signal consisting of more than one com- 
ponent, but in which there is no_ space 
component. 


30. Acknowledgment Signal 

A signal transmitted back solely as a result of 
the reception of another signal, e.g., Answer 
Acknowledgment. 


31. Repeated Signal 
A signal which is repeatedly transmitted as 
long as the indicated conditions persist. 


32. Repeated-Until-Acknowledged Signal 

A repeated signal with intervals between 
transmissions sufficient to permit the reception 
of an acknowledgment signal. The repeated 
signal ceases when the acknowledgment is 
received. 


33. Prefix or Prefix Signal 

The initial portion of a signal which has the 
function to prepare or sensitize a circuit for the 
receipt of a signal. 


34. Suffix or Suffix Signal 
The significant portion of a signal. It is 
transmitted immediately after the prefix. 


35. Splitting Time 

The period measured from the connection of 
\.F. current to a receiver until the time when 
the through circuit is opened to avoid possible 
interference. 


36. Receiver Response Time 

The period measured from the connection of 
a V.F. current to a receiver until the time of 
change of condition of the D.C. circuits asso- 
ciated with the receiver. 


(March 22, 1938.) 


APPENDIX NO. 2 


3rd Commission of Rapporteurs, 
Oslo—June 28, 1938 


(Translation) 


The following Directive was issued with 
reference to international circuits, either auto- 
matic or semi-automatic, which were liable to 
use or to be connected to circuits using voice 
frequency signals :— 

To avoid interference in the international ser- 
vice, it is recommended that at the end of 
impulsing a prefix signal, capable of opening the 
line after a certain time, should be transmitted 
before each signal. 

The prefix should be as short as possible, 
difficult to produce by the human voice, and 
not liable to result in an incorrect signal if it is 
abbreviated or interrupted. The purpose of the 
prefix signal is to divide the connection into 
separate sections without causing any other 
operation. It is only the suffix transmitted after 
the prefix which results in other change of con- 
ditions to the circuits. It is obvious that inter- 
ference can result if the frequency, or the 
combination of frequencies, used for the prefix 
signal is connected to the international circuits. 

It is probable that the use of the prefix com- 
posed of a mixture of the two frequencies (600 
and 750 p:s) will provide the greatest protec- 
tion against operation by interfering currents. 
However, the use of this type of signal may 
introduce additional complexity into the V.F. 
receiver, so that, before making a definite 
choice, Administrations are recommended to 
study and make tests to enable them to obtain 
more experience of systems utilizing both com- 
pound signals and simple signals. 


Signals 


It is recommended that the fundamental 
signals should be separated from the auxiliary 
signals. The following are the fundamental 
and auxiliary signals :— 


Fundamental Signals 


(1) Seizing signal. 
(2) Dialled impulses. 
(3) Answer signal. 
(4) Clear-back signal. 
(5) Release signal. 
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Auxiliary Signals, for example :— 


(1) Forward transfer signal. 

(2) Offering signal. 

(3) Breakdown signal. 

(4) Ring forward signal. 

Constitution of the Signals 

(1) Seizing signal—a single short impulse of 
750 p:s. 

(2) Dialled impulses—impulses of 750 p : s. 

(3) Answer signal—prefix followed by a 
short signal of 750 p:s (see remark 
under ‘“‘Release Signal’’). 

(4) Clear-back signal—prefix and suffix of 
600 p:s. This signal is repeated com- 
plete. The interval between signals 
should be greater than 550 ms. The 
signal continues until release or until 
the called party returns to the line. 

(5) Release signal—there are two cases to 
consider :— 

(a) In certain cases the release signal is 
sent forward from the caller to the 
called. It is made up of the pre- 
fix followed by a long suffix of 
600 p:s. 

(6) In other cases, a forward signal com- 
prising a prefix followed by a 
short suffix of 600 p:s. This 
signal results in the transmission 
of a release signal which is sent in 
the backward direction. The re- 
lease signal is made up of a prefix 
followed by a long suffix of 
600 p:s (see the note below). 


Important Note 
Arrangements should be made to guarantee 
that all signals are received with certainty. 
Auxiliary Signals 
The Directive will be issued later. 
Signal Length 
Short Signal 
60-100 ms. 
Long Signal 
300-400 ms. 
Compound Prefix 
250-350 ms. 
Single Frequency Prefix 
To be fixed later. 
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Pause between Prefix and Suffix 

30-50 ms. 
Repeated Signals 

The pause between two consecutive signals 
should be equal to, or greater than, 550 ms. 


Receiver Specification 
Limits for Signal Frequencies 


The admissible variation for the generation 
of signal frequencies on international circuits 
should be + 0.5 per cent. The receiver should 
function with a relatively uniform response over 
a band of + 22.5 p:s from the nominal fre- 
quency in order to provide for variations at the 
source and change of frequency due to a carrier 
shift. 

Limits for the Power which may be used 

(1) Single Frequency 

2 mW with a variation of + 1 db., 
measured at the point of zero relative 
level and measured as a steady frequency. 

(2) Compound Frequencies 

1 mW of each frequency, measured at 
the point of zero relative level, with a 
termination of 600 ohms, and measured 
as a steady frequency with a variation of 
+ 1 db., provided that the voltage of 
the two frequencies does not differ by 
more than ().5 db. or 0.05 neper. 


Dialled Impulses 

It is desirable to standardize the impulsing 
speed for international circuits. 10 + 1 p:sis 
recommended. It is also recommended that the 
impulse ratio should be standardized on inter- 
national circuits, but it is not possible to fix this 
ratio actually. 


Insertion Loss 

The insertion loss of the voice frequency 
receiver should not exceed 0.035 neper for any 
frequency transmitted by the circuit. 


Receiver Operating Limits 

The receiver should be designed for connec- 
tion to a point of nominal relative level of from 
Q-1.2 neper and should operate correctly when 
the actual relative level differs from the nominal 
relative level by + 0.5 neper. 


General 


In order to prevent a two-frequency circuit 
being indicated free at an outgoing end before 
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the circuit is free at the distant end, the principle 
of release should maintain the circuit indicated 
busy at all points of access until it is actually 
available at all points. 


Tones 


The following tones are considered for inter- 
national circuits :— 
(1) Dialling tone. 
(2) and (3) Busy tone: (2) Local busy tone; 
(3) Toll busy tone. 
(4) Number unobtainable tone. 
(5) Ringing tone. 

(1) Itis not possible, on international circuits 
using echo-suppressors, to use a con- 
tinuous tone for the dial tone. The 
transmission of a signal of very short 
duration only is possible. It is desir- 
able to recommend that no dial tone 
should be transmitted in the near future. 
For the time being, a very short tone 
will be admissible. 

(2) and (3) It is desirable to use only one 
busy tone on international circuits. 

(4) The N.U. tone is of little importance for 
international traffic on account of the 
rare occasions when it is used. 

(5) Ringing tone is necessary. 

It is recommended that the busy tone and the 

ringing tone should be regulated as follows :— 

Both the busy tone and the ringing tone con- 
tain repeated signals made up as follows :— 

For the busy tone, a tone and a silence ;_ the 
duration of the silence should be at least 
400 ms.; the duration of the tone and the 
silence together ought to last for a period 
between 500 and 1 500 ms. 

The ringing tone may comprise a single tone 
period or a succession of tone periods of the 
length of one second and followed by a silence 
of a length equal to or greater than two seconds. 


Directive on the Arrangements to be made 
to Prevent Interference on International Cir- 
cuits due to Voice Frequency Systems used on 
National Systems 


It is, in fact, difficult to specify the general 
precautions capable of avoiding interference in 
national systems which use frequencies other 
than 600 or 750 p:s when these systems are 
attached to an international circuit. However, 
for national systems utilizing 600 and 750 p:s 
chosen by the C.C.I.F. and connected together 
by international circuits, the following recom- 
mendations can avoid interference to the 
national systems. It is recommended that 
means should be provided to prevent a voice 
frequency current passing from the national to 
the international circuit if its length exceeds :— 
400 ms. for a single frequency (600 or 750 p:s), 


or 
150 ms. for a compound frequency (600 and 
750 p:s). 
July 6, 1938. 
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Fundamental Transmission Planning of Telephone Networks 


Local and Toll Area Planning to meet the C.C.LF. 
Recommendations 


By BRUCE H. McCURDY 


PART I.—THE C.C.I.F. RECOMMENDATIONS LIMITING NATIONAL 
TRANSMITTING AND RECEIVING LOSS 


Epitor’s Note.—This article is the first of a series on “‘Fundamental Transmission Planning of Tele- 


phone Networks.” 


Part I of the present article considers the various reasons leading up to the latest 


recommendations of the C.C.I.F. for the General European Toll Switching Plan and outlines the general 
problem of co-ordinating national and international design standards. In Part II, which will appear in an 


early issue of this fournal, various practical measures 
strictions on the national networks will be discussed. 


I. INTRODUCTION 


HE introduction before the C.C.1.F. of 
the question of a fundamental plan for 
the design of the European network 

has raised a considerable number of questions 
as to what a fundamental plan is, what its 
functions are and how it can be carried out in 
practice; and, now that the C.C.I.F. has 
presented a series of recommendations under 
the title of ““Guiding Principles for the Prepara- 
tion of a Fundamental Plan for Europe,” there 
have followed questions as to what these 
““Guiding Principles” are and how they can 
be lined up with the design and engineering of 
the national systems making up the European 
network. 

In a previous paper! it was stated that the 
operating engineer designing a telephone net- 
work was faced with the problem of meeting 
two major requirements : 

(a) Maximum efficiency in circuit and equip- 

ment usage; and 

(6) Maximum economy in plant construction 

and operating costs. 
Putting it another way, one may say that the 
provision of an economical overall service 
requires the following ideals to be met as far 
as is practically possible : 

(1) Minimum circuits for a given volume of 

traffic and standard of service ; 

(2) Minimum grade of circuits throughout 

the system consistent with the demands 
of satisfactory overall transmission ; 





1“Toll Plant Engineering,’’ by Bruce H. McCurdy, 
Electrical Communication, January, 1933. 
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for achieving this co-ordination without imposing re- 


(3) Minimum construction and operating 

costs for the facilities provided. 

Fundamental plans are the key to the realiza- 
tion—within practical limitations—of these three 
requirements. They deal directly, however, 
only with the first two, the third being met by 
what is usually termed plant extension studies. 
The fundamental plan engineer, after a study of 
all relevant factors, arrives at certain basic con- 
clusions as to what facilities are required, 
classifies them in accordance with their 
functions, and assigns to each class of facility 
certain minimum performance requirements. 
With these as a basis, the various engineering 
sections proceed with the specific planning of 
lines, cables and equipment in order to meet 
the necessary requirements; and, with the 
plant extension, engineers prepare the specific 
construction programme to meet as economic- 
ally as possible the overall requirements 
embodied in the fundamental plan. 

It should, of course, be kept in mind that 
there is a constant inter-play between the 
fundamental plan and plant extension studies. 
The plant in existence and the practical 
economics of obtaining, as the art changes, a 
circuit of given characteristics will have a direct 
bearing on the basic standards or guiding 
principles, and the latter will change year by 
year in the light of changing conditions. In 
other words, the fundamental plan is not, and 
never can be, static. It is in effect the crystal- 
lization of a continuing investigation of overall 
conditions into a series of basic day-by-day rules. 

Furthermore, the number of inter-related 
variables involved in planning an overall net- 
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work is so great that, although the aim is 
minimum amount of plant and minimum unit costs, 
the actual result will always be in the nature of 
the best practicable approach to these ideals. 
This fact should not, however, be taken as 
reflecting in any way on the value of fundamental 
plan studies. A partial approach to the ideals 
is far better than a hit-or-miss substitute. 
Moreover, as indicated herein, and as will be 
elaborated in future articles, one of the main 
functions of a fundamental plan is to segregate 
the various problems; to determine limits 
within which certain factors may be economic- 
ally varied without appreciably affecting costs ; 
and to disclose the major factors which do 
affect costs. By concentrating on these major 
factors within the ranges where they are shown 
to have a direct effect on overall costs, their 
control in the direction of achieving maximum 
overall economy and a satisfactory service to 
subscribers becomes a practicable engineering 
problem. 

In considering fundamental planning as a 
whole, the present paper, which deals with a 
specific case of application, does not logically 
come first. Since, however, the C.C.I.F. has, 
as a result of some four years’ work, produced 
certain fundamental ‘‘Guiding Principles” which, 
in the opinion of the C.C.I.F., represent the 
best compromise between the ultimate “ideal” 
and present realization; and, since considera- 
tion of the methods by which these “Guiding 
Principles” were arrived at and can be made to 
correlate with national design requirements will 
illustrate many of the basic considerations in 
the science of fundamental planning, it has 
been thought advisable to start with this 
specific case and to work back subsequently to 
some of the more basic considerations. 


I. THE STANDARD INTERNATIONAL 
CONNECTION 

It will be noted that the C.C.LF. “Guiding 
Principles for the European Toll Plan” starts 
with the definition of two so-called “standard 
international connections,” and then proceeds 
to specify certain performance characteristics 
for the various parts of the overall connection 
under various conditions of use. 

Primarily the C.C.I.F. is interested only in 
the provision of a satisfactory grade of inter- 
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national service. It might consequently be 
argued that, having specified the minimum 
performance which may be allowed for any 
subscriber connected to an international circuit, 
its task is complete, so that consideration of the 
question of the form or general make-up of the 
national systems is unnecessary. ‘Iwo important 
reasons make such procedure unfeasible. 

First, no one set of established limits could 
adequately define general performance applic- 
able to any limiting subscriber in terms which 
would have any meaning to the national design 
engineer. Certain subscribers will be connected 
directly to the international circuit, others will 
reach the international circuit over built-up 
connections involving one, two, three or even 
more intermediate links of different lengths and 
different electrical characteristics. Each indi- 
vidual connection will not only present different 
performance characteristics as seen from the 
international switching point ; but, also, because 
of the different electrical characteristics involved, 
it will have a direct effect on the performance of 
the international circuits themselves. 

Secondly, one of the functions of the funda- 
mental plan is to provide a meeting point 
between the engineering and the traffic staffs. 
In order to meet the two requirements of 
minimum circuits and minimum grade of circuits 
it is necessary that there be a very definite 
understanding between the traffic and the 
engineering groups, not only as to what and how 
many circuits are required, but also as to just 
what functions these circuits must perform 
(i.e., are they terminal circuits or will they be 
switched ? If they are for switched traffic, to 
what will they be switched at their two ends ?). 

Experience has shown that the most practical 
solution of the problem is to deal in terms of 
certain “standard”’ or typical connections and to 
set the transmission limits in terms of these 
“standard” or typical combinations, always 
keeping in mind that such requirements as are 
set should be as broad as possible in order to 
allow each administration or operating company 
to engineer as economically as possible for its 
own peculiar set of conditions for both national 
and international service. 

Consequently, one of the first steps taken by 
the European Switching Plan Committee was to 
gather information regarding the general form 


ce mateo sytney mee 
cee 2 





sein ROM 











ms 
ft 
a 





of the national and international networks 
throughout Europe; and, after making com- 
parisons, to see whether or not a “standard” 
type of connection could be adopted to serve 
for Europe as a whole. After an exhaustive 
study of existing networks it was found that, 
despite divergent conditions which had to be 
catered for in the various national systems, 
there was a fairly close agreement between the 
methods and the standards adopted, and that a 
“standard”’ circuit could be defined fitting the 
majority of conditions in a broad way. ‘This 
standard international connection is illustrated 
in Fig. 1 ; and, in Fig. 2, are shown the standard 
switching connections in certain European 
countries as compared with the standard 
C.C.1.F. international connection. 

As will be seen from Fig. 1, the “Recom- 
mendations” of the C.C.I.F. for the General 
European Switching Plan provide for two cases : 
(a) The general case of an international circuit 
used for switching beyond the international 
centre to any subscriber in the national network 
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(except those in the immediate vicinity of the 
international switching centre); and (b) the 
case of an international circuit used for providing 
service to subscribers in the immediate zone, 
called the “terminal zone,’? around the inter- 
national switching centre. This division into 
two specific cases results from both technical 
and practical operating considerations, well 
known to telephone engineers. A brief sum- 
mary of the underlying reasons may, however, 
be helpful. 

As will be shown later, maximum economy in 
the design of the national systems imposes the 
requirement that the loss in the international 
circuit (when used in a long built-up connection 
of the form of Fig. 1-A) be kept as low as 
possible. When the international circuit is 
extended at its two ends as indicated, a relatively 
low equivalent is possible. If, however, the 
international circuit is terminated in a sub- 
scriber’s loop or in a subscriber’s loop plus only 
a short junction circuit, a number of factors 
come into play, primarily echo, stability and 
crosstalk. It is, consequently, impracticable in 
this latter type of connection to work the inter- 
national circuit at the low losses to which it 
can be brought in the “‘via” or transit case of 
Fig. 1-A. Technically, there is, of course, 
no reason why a gain should not be intro- 
duced at the terminal of the international 
circuit such that the overall connection is 
reduced for each type and length of connection 
to the minimum value consistent with keeping 
the various factors mentioned within reason- 
able limits. The complexity involved by such 
a procedure is, however, usually not justified 
by the slight additional gain in transmission 
which would result, and it has been found 
more practical to deal with the two funda- 
mental cases: (a) The transit or “via” con- 
dition in which the international circuit may 
be reduced to very close to zero attenuation ; 
and (b) the limiting terminal condition, where 
the international circuit must be worked at a 
relatively high attenuation. The exact division 
between these two conditions depends largely 
on the type of distribution beyond the inter- 
national switching centre, although it will 
usually be found to be as follows : 

(a) All connections to or beyond a centre of 
the next lower category (i.e., a zone 
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centre) will come under the first classi- 
fication ; 


(6) All connections reached directly from the 
international switching centre without 
passing through a zone centre will come 
under the second classification. This 
would include : 

(1) Direct subscriber connections ; 


(2) Connections to small tributary or 
satellite offices connected to the 
international switching office ; 


(3) Connections reached via a toll ex- 
change tributary to and in the same 
zone area as the international switch- 
ing centre. 


There is, of course, under the above division, 
always a question as to whether the case of a 
long toll circuit between a terminal international 
transit centre and a so-called “end toll exchange” 
should not be included under category (a) above, 
with the consequent introduction of gain in the 
international circuit at the terminal international 
transit centre. If such a circuit is of consider- 
able length and made up of a type of facility 
similar to the circuits connecting the zone 
centres with the international transit centres, 
no technical difficulty is involved. However, as 
will be seen later, unless the toll centre at the 
far end of such a circuit serves a large area with 
other tributary toll centres clearing through it, 
the losses will not be such that the additional 
gain will be necessary. If, on the other hand, 
the centre in question does serve a large area 
with other outlying toll centres feeding through 
it, it is in reality a “‘zone centre” and should be 
classified as such, automatically coming under 
the above category (a). 


Il. BASIC PERFORMANCE REQUIRE- 
MENTS FOR THE “STANDARD” 
INTERNATIONAL CONNECTION 


Having decided upon the general form of 
what may be termed the “standard’’ inter- 


national connection, the C.C.I.F. began the 
study of the electrical characteristics of inter- 
national circuits as well as the characteristics of 
the national systems as seen from the end of the 
international circuit. The first point considered 
was attenuation and since, under the present 
volume method of expressing performance, it is 
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the most prominent factor, the present article 
deals mainly with the problem of the allocation 
of attenuation limits to the various parts of the 
connection. In attacking this phase of the 
problem it was again necessary for the C.C.I.F. 
to consider not only the future “ideal” alloca- 
tion of transmission characteristics, but also the 
characteristics which are imposed to-day by the 
existence of extensive and well developed 
national systems the plant of which must con- 
tinue to be used throughout its economic 
period of usefulness. Investigation of the 
electrical characteristics of existing national 
networks showed rather more variations than 
the general similarity in form would indicate, 
especially with respect to the allocation of 
transmission characteristics to the individual 
parts of the various networks. On the other 
hand, the overall performances presented by 
the national systems, at least so far as the 
present volume method of expressing per- 
formance is concerned, were sufficiently uniform 
to warrant a tentative specification of a standard 
limiting value for national transmitting and 
national receiving losses, with corresponding 
limits for the performance of the international 
circuit when in the “via” or in the terminal 
condition. The values specified by the C.C.1.F. 
are indicated in Fig. 1. As will be noted, they 
differ for the two standard cases. In order 
properly to understand both cases and the 
reasons behind the limits proposed by the 
C.C.I.F., it may be well to review briefly how 
these limits were arrived at. 

The basic requirement, from the standpoint 
of overall reference equivalent toward which 
the recommendations of the C.C.I.F. aim, is 
the provision of an international connection 
which will not exceed 4.6 nepers between 
limiting subscribers. This value of 4.6 nepers 
(40 db.) is considered, under the present volume 
method of expressing performance, the limit 
for a commercial connection. 

The portions of the circuit in Fig. 1 repre- 
sented by the lines from the International 
Switching Centre to the subscriber are national 
circuits ; that is, although used for building up 
international connections, they are designed 
primarily for national service. The fact that 
they are used mainly for national service, and 
greatly exceed the number of international 
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circuits, makes it essential | 
that any allocations of losses | A 
should be such as to give the | 
greatest possible latitude in | 
national design; otherwise, 
there will be danger of 
running up the plant in- 
vestment for these circuits | 
far above that dictated by 
their main utilization, i.e., 
national service. For these 
reasons the tendency of late 
years has been to place the 
emphasis on reducing as far 
as possible the loss intro- 
duced by the international 
circuit, allowing more and 
more loss in the national 
portion of the network. 

Since both national and 
international standards are 
based on a reasonable limit for 
a commercial conversation, and since subscribers 
to-day are demanding practically the same 
grade of service on an international as on a 
national ca!l, the desirability of a low equivalent 
international link is obvious. From the stand- 
point of attenuation only, the achievement of a 
zero circuit betwecn international centres for 
the ‘‘via’” condition is, within certain limits, 
practicable. From other standpoints, however, 
mainly echo, stability and crosstalk, coupled 
with certain variations in the equivalent of 
circuits with time (capable of control only 
within certain limits), the international circuit 
cannot be considered, for general planning pur- 
poses, as working satisfactorily on an absolute 
zero equivalent. This consideration will be 
discussed in a later section of this article. At 
present, it is sufficient to say that, after a very 
exhaustive study of present-day circuits and 
the conditions met with in the national portion 
of the network, it has been decided to set a 
nominal value for the attenuation of the inter- 
national link at zero with a possible tolerance, 
due to the practical difficulty of adjusting a 
circuit to an exact limit, of plus 0.1 neper for 
each link. This tolerance of 0.1 neper is con- 
sidered as positive since, because of possible 
singing in the open circuit condition, it is 
desirable that a circuit never be lined up to a 
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negative attenuation, no matter how slight. 
Although the “‘typical” overall connection shows 
but two international links, three links are still 
met with and must be permitted for some time 
to come as representing the limiting condition 
which must be met if universal interconnection 
is to be arrived at. In the case of the limiting 
international connection, therefore, we may 
have three circuits in tandem, each with a 
nominal transit equivalent of zero and each 
with a possible tolerance of plus 0.1 from this 
nominal value. In addition to the difference 
between the exact nominal value and the value 
which can, in practice, be arrived at (i.e., the 
0.1 tolerance) there are the unavoidable changes 
in the equivalent of the individual circuits with 
time, due to battery variations, ageing of valves, 
temperature variations, etc. After considerable 
study of actual conditions found in practice, 
the C.C.I.F. has concluded that, in an inter- 
national connection made up of three inter- 
national links, the minimum overall international 
circuit attenuation which can be counted on for 
planning purposes is 0.4 neper. If, therefore, 
we are to aim toward never exceeding 4.6 nepers 
for any overall connection, there remains, for 
the sum of the national transmitting and national 


receiving loss at each end, a value of 4.6 —0.4 
or 4.2 nepers (36.5 db.). 
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The division of this 4.2 nepers into limits for 
the national transmitting and the national 
receiving losses again required an examination 
into the condition imposed by the existing 
plant ; in this case, the average characteristics 
of the subsets used throughout Europe. An 
examination of the major types of subsets in use 
in Europe showed that, for the average limiting 
condition, the transmitting reference equivalent 
was 0.5 neper (4.3 db.) greater than the receiv- 
ing reference equivalent. 

Breakdown of the 4.2 nepers into limits for 
the national transmitting and national receiving 
limit was accordingly as follows :— 


T + R= 4.2 nepers ; 
R= T -0.5 neper ; 

*, T = 2.35 nepers (20.5 db.), and 
R = 1.85 nepers (16 db.), 


where 7 is the national transmitting loss and 
R the national receiving loss. 

The design engineer may find that for 
particular conditions his own allocation may 
vary somewhat from these figures; that is, if 
one value is met, the other will be exceeded or 
will not be arrived at. He must, however, 
design to meet whichever is the limiting case 
for his particular network, and must assume 
that the corresponding limit will exist at the 
far end. 

Let us now consider the second “standard” 
condition: the so-called ‘terminal’ connec- 
tions. Although low equivalent circuits in the 
transit condition where the international circuit 
is terminated in long high-grade extensions 
can be used without undue difficulty from the 
standpoint of echo, crosstalk and stability, these 
latter factors introduce difficulty in the shorter 
connections radiating from the international 
centre unless special equipment such as stabi- 
lized repeaters are employed, and excessively 
severe limits for the crosstalk requirements of 
cables are imposed. 

The case of the terminal subscriber connected 
directly to the end of the international circuit 
(the junction between the local board or 
automatic office to the toll board being of 
negligible length) has been rather exhaustively 
discussed in the C.C.I.F. and in numerous 
technical publications. It should be mentioned 


that experience has shown that, because of echo, 


COMMUNICATION 


stability and crosstalk, it is necessary to work 
the international circuit at a considerably higher 
value than the 0.1 to 0.4 neper arrived at above. 
An examination of circuit lengths, possible 
variations, etc., made of international circuits 
throughout Europe led to the conclusion that 
in order to care for these terminal conditions, 
the minimum safe value of the nominal equiva- 
lent of international circuits when connected to 
subscribers in the immediate local area sur- 
rounding the international exchange is 0.8 
neper (7.0 db.) for a 4-wire circuit and 1.0 neper 
(8.7 db.) for a 2-wire circuit. A study of the 
possible variations of such circuits from the 
nominal (actual variations of adjustment and 
possible variations with time) has indicated 
that for planning purposes it should be assumed 
that such circuits will vary plus or minus ().2 
neper (1.7 db.) from the nominal. The 
limiting case for planning, therefore, must be 
0.2 neper (1.7 db.) greater than the above 
nominal values, or 1.0 neper (8.7 db.) for 
4-wire circuits and 1.2 neper (10.4 db.) for 
2-wire circuits. 

Since, in the majority of cases, there will be 
both 2-wire and 4-wire circuits terminating at 
the international switching centre, the local 
terminal area must be designed in accord with 
the maximum loss which may be experienced 
in the international circuit, i.e., 1.2 neper. 
This leaves 3.4 nepers for the sum of the 
national transmitting and national receiving 
losses at the two ends. Taking account of the 
0.5 neper difference between the transmitting 
and the receiving reference equivalent of the 
average subset, we arrive (following the same 
reasoning as for the “‘via’”’ case) at 1.95 nepers 
(17 db.) for the maximum allowable trans- 
mitting loss for the terminal exchange area and 
1.45 nepers (12.5 db.) for the maximum allow- 
able receiving loss for the same area. 


IV. APPLICATION OF THE  C.C.LF. 
RECOMMENDATIONS TO THE 
NATIONAL NETWORKS 


From the standpoint of national transmitting 
and national receiving loss limits, the C.C.I.F. 
goes no further than setting the above limits, 
leaving it to the discretion of the various 
administrations and operating companies to 
allocate the loss between the various parts of 
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the national systems so that the above limits 
are not exceeded. The stipulation of these very 
specific limits does, however, require a close 
investigation on the part of national design 
engineers to insure (1) that the national system 
will meet the rcquirements of the international 
connection and (2) that, in meeting them, limits 
are not set for the national plant which are out 
of line with its major field of use, i.e., national 
service. 

The problem may be stated roughly as 
follows: If we take the two standard or typical 
national conditions outlined in the C.C.I.F. 
recommendations and shown diagrammatically 
in Fig. 3-A and B, we find that from the inter- 
national standpoint the following conditions 
must be met: 


Case (a) The General “ via” Connection 


In the first place, a gain must be introduced 
at the end of the international circuit equal to 
half the difference between the nominal terminal 
equivalent and the nominal “via” equivalent of 
the international circuit. 

In the second place, the various connections 
which may be set up in the national network 
must meet the following conditions, as seen 
from the conventional origin? of the inter- 
national circuit : 


Transmitting : 


X+a+6+(c), = 2.35 nep. (20.5 db.) 


X+a+(d), = 2.35 ,, 
X+e+(f), =: Se 
X + (g) =— 


Receiving : 
X+a+6+(c), = 1.85 nep. (16 db.) 


X + a+ (d), = 135 ,, 
X+e+(f), = 185 ,, 
X + (g), = 12 , 


Letters not in parenthesis represent circuit 
equivalents. Letters in parenthesis represent 
the reference equivalent of the limiting com- 
bination of subscribers’ set and loop met with 
in the central office area in question, the sub- 
scripts ¢ and r denoting transmitting and 
receiving, respectively. The conception of 
total reference equivalent as seen from the central 


* See C.C.I.F. Proceedings, Tome | ter, page 37. 
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office should perhaps be emphasized. ‘There are 
several methods in force for arriving at this 
value. Some administrations work in terms of 
the nominal reference equivalent of the subset 
on the standard 300 ohm loop, as specified by 
the C.C.1.F. for comparison work, and correct 
this to take account of loop attenuation, change 
in battery supply loss when the loop differs 
from 300 ohms, and reflection losses. Others 
work from curves which give directly the 
reference equivalent of the total combination of 
subscribers’ set plus loop as measured from the 
central office. As will be shown in later articles, 
this latter method greatly facilitates the study of 
economic distribution of losses in the local 
network. For the moment, however, the 
important point to note is that, regardless of the 
manner of arriving at the result, the figure to 
be used, if it is to have any meaning in con- 
nection with the limiting national transmitting 
and receiving loss, is not the nominal reference 
equivalent of the subset but the actual reference 
equivalent of the subset plus the limiting loop 
condition as seen from the central office. 


Case (b) The X “ Terminal” Condition 


The international circuit in this case remains 
at its nominal ‘‘terminal’’ equivalent ; that is, 
no gain is introduced in the international circuit 
at the terminating international switching centre 
in question. The various parts of the ‘“‘terminal 
zone”’ network (Fig. 3-B), which may be con- 
nected to the international circuit under this 
condition, must meet the following require- 
ments : 


Transmitting : 
a+6b+(c), = 1.95 nep. (17 db.) 


a+ (d), = 12 ,, 
e+ (f): = 195 ,, 
(2): = 1.95 ,, 
Receiving : 
a+ b+ (c), 1.45 nep. (12.5 db.) 
a+ (d), = 1.4 ,, 
e+(f), = 145 ,, 
(g), = 1.45 ,, 


Superimposed on these requirements, and 
far more important to the national design 
engineer since they represent the major use of 
the circuits, are the transmission limits necessary 
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to meet the various national standards. There 
will be, for instance, a certain established 
standard for the limiting connection in a local 
area such as that, say, served by an end toll 
exchange. Loops and junctions in this area 
must be designed so that such combinations as 
(d),+(d’),, (c),+(c’), and (c),+6+(d), all meet 
this standard. This requires the answer to such 
questions as what limits should be set for loops 
of the type (d) and (c); what is the most 
economical distribution between the losses in a 
limiting loop (c) and the junction 6; and, 
finally, how can these limits be co-ordinated 
with the international requirements already out- 
lined. It is the principal function of the 
fundamental plan engineer to obtain a practical 


COMMUNICATION 


END sus 
TOLL SUBSCRIBER 


EXCHANGE OFFICE 
\ | 


(f 
INTERNATIONAL ENO 
TRANSIT TOLL ieee SUBSCRIBER 
CENTRE EXCHANGE ; | 
, a | b : (c) | 
Q ae a 
e he 
(3) (d}s 
\ os + 
* (f) 





answer to such questions, the answers being 
expressed in terms of specific design standards 
for each part of the network. With such specific 
design standards as a basis, the plant extension 
engineers may then go ahead with the laying 
out of the plant, and the setting up of construc- 
tion programmes so as to meet, as economically 
as possible from the construction standpoint, 
the requirements necessary for furnishing a 
satisfactory service. 

In Part II of this article certain practical steps 
involved in co-ordinating the various national 
and international design standards, as well as 
the breakdown of the rather complex overall 
design problem into a series of simple stage-by- 
stage investigations, will be discussed. 
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Caleulation of Triode Constants* 
By J. H. FREMLIN, M.A., Ph.D., A.Inst.P. 


SuMMARY.—A new treatment of the equivalent diode is proposed, from which formule for anode current 
and mutual conductance in plane or cylindrical triodes are obtained in terms of the penetration factor, the 
inter-electrode distances, and the voltages applied to grid and anode. In the plane case the values found differ 
from those given by the most widely used expressions by a factor 


1+D 3/2 
1 4/3 
1+D(7") ; 
l, 


which may in some circumstances be considerably less than 1. 

In the cylindrical case a similar but more complex factor is obtained. The expressions obtained for 
the plane case are shown experimentally to be more nearly correct than previous expressions. 

These formule can only be used in cases for which the penetration factor can be calculated. Beginning 
with Maxwell’s expression for the potential distribution due to a charged grid of fine wires it is shown how 
this distribution can be calculated for the case of a grid close to the cathode (Appendix D), and hence the value 
of penetration factor can be calculated for zero current at these close spacings. 

It is shown experimentally that the value of penetration factor thus obtained may be used with some 
accuracy up to considerable current densities. Calculated and experimental values of mutual conductance 
at close spacings are compared, and it is shown that if allowance is made for emission velocity very close agree- 
ment can be obtained down to values of grid-cathode clearance of only a few per cent. of the grid pitch. 
A definite maximum value of mutual conductance for constant current density is shown to occur at a cathode- 





grid clearance of the order of half the grid pitch. 


INTRODUCTION 


T is of fundamental importance in the 
design and in the development of 
thermionic valves to be able to determine 

in advance what the characteristics of such 
valves will be. In the case of a diode it is 
already possible to do this to a very considerable 
accuracy when the electrodes are either parallel 
planes or concentric cylinders. Where there 
are one or more grids between the anode and 
the cathode, however, the position is less 
satisfactory. Schottky, Miller’, King’, and 
others have derived expressions for the amplifi- 
cation factor » of an infinite plane triode and 
of a cylindrical triode of infinite length in which 


wire diameter 


the radio , d/a, is assumed small 


grid pitch 
(less than 0.1). Vogdes and Elder* have 
obtained a formula available for larger values 
of d/a up to about one-third, and Ollendorff# 
gives a method of calculation said to be valid 
for all values of d/a. The theoretical values of 


* Republished from the Philosophical Magazine and 
Journal of Science, Vol. 27, No. 185, June 1939. 


1 For numbered references see Appendix B. 








wu agree very well with experiment so long as 
the distance of the grid from the cathode /, is 
greater than about one grid pitch. 

Calculations of anode current per unit area 7 
and mutual conductance per unit area g,, are 
not usually as successful, though a large number 
of formule have been proposed both on 
theoretical and on empirical grounds. The 
work described in this paper was undertaken 
in the attempt to make more accurate calcula- 
tions possible for triodes. It was especially 
concerned with the case in which the grid is 
very close to the cathode, for which relatively 
little experimental work has been published. 
Before an expression could be developed for 
this case it was necessary to investigate the 
expressions for current in the simpler conditions 
where the wires of the grid are thin and where 
the cathode-grid distance is appreciably more 
than one grid pitch. 

In Part I theoretical formule are developed 
for i and g when the cathode-grid distance is 
greater than the grid pitch, and the apparatus 
used for testing these is described. 

In Part II it is shown how these formulze may 
be used when the grid is very close to the 
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cathode so long as the reduction of penetration 
factor is taken into account. 

Definitions of the symbols used and a table 
of references are given at the end in Appendices 
A and B. 


PART I 
THEORY 
The expressions most frequently used® for 
anode current and mutual conductance are 
(omitting a small contact-potential term) : 


. 2.84 x 10°(V,+DV,)3?2 
its  -a+ D)3?2 
amps. per unit area, 


where VV, are the anode and grid potentials, 
D is the penetration factor (reciprocal of the 
amplification factor), and J, is the distance of 
the plane of the grid from that of the cathode, 
and 

dv = 3.51 x 10°°*V/ V, + DV, 
Vv, «(+ Dy 
amps. per volt per unit area 


ze m— 


for the plane case, and 
1.47 x 10°°(V,+ DV,,)°/? 


Bl + DP 
amps. per unit length, 
2.20 x 10°°°/V,4+DV, 
r.3 (14+ D)3/2 


gi?cg 


ca. 


amps. per volt per unit length 


for the cylindrical case*. Here 1, is the radius 
of the grid cylinder and 82 is a function of 
r,/Y, (where r, is the cathode radius) given by 
Langmuir’. 

These formule were not calculated directly 
for a triode, but indirectly as follows. Child® 
and Langmuir’ showed how the space-charge 
limited current could be calculated through 
any diode, the electrodes of which were infinite 
parallel planes or infinite concentric cylinders. 
Then, if it could be proved that the current 
through a given triode was exactly that which 


+ Throughout this paper the quantity “penetration 


factor,’ sometimes described as ‘‘Durchgriff,” is in general 
used in preference to its reciprocal, the amplification factor. 
The use of the term “amplification factor’? seems rather 
inapt in many cases, particularly in the consideration of 
electrostatic problems, and is therefore confined to cases 
in which its physical meaning is clear. 


would pass through a particular diode whose 
dimensions and anode potential were known, 
this current would be known. The particular 
diode is called the “equivalent diode.” Its 
electrode parameters naturally depend upon 
those of the triode to which it is equivalent, 
and if the conception is to be of value they must 
be calculable in terms of these. 

The formule (1) and (2) above were calculated 
on the simple assumption, without detailed 
analysis, that the diode with cathode-anode 
distance /, given by 

ee OE a eee ea ee YAR (5a) 
and with anode voltage V, given by 
Vp=V, + DV, 


was nearly equivalent to the triode. 


derivation of the correction factor - Sete a 
(1 + D)* 2 
is given by (among others) Chaffee*; the 
reasoning seems at times to be somewhat 
obscure. Formule (3) and (4) were found 
similarly, assuming 7,=7,. Other authors 
have made different but still arbitrary assump- 
tions. For example, Miller’ assumed that a 
diode giving the same cathode field as the triode 
in the absence of space-charge, and having its 
anode in the same position as the anode of the 
triode, would give the same current. His 
formula is as follows : 
; 2.34 x 10°°V, + DV,)?” 
V1{l, + Dl,)*? 
amperes per unit area. 

Owing to the assumption that 

ly = 4, 
this underestimates the current considerably, 
and is not much used. 

Benham!* has recently put forward reasons 
why a formula similar to Miller’s, but putting 
ly instead of J,, where 

i, = 1, + Di,, 
should be accepted. Unlike Miller’s formula, 
this ensures that the denominator tends cor- 
rectly to /? as D becomes very small. 

For large values of D (0.1 or above, say, for 
ordinary valve dimensions) these formule, 
particularly Benham’s, give more nearly the 
current which is determined experimentally 
than does formula (1) given above. It does 
not, however, seem to have been realized that 
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it is possible to calculate the current through a 
triode without direct reference to a particular 
equivalent diode. This can be done as follows. 
Consider first the plane case. 

If a current of density 7 is flowing between 
plane electrodes under space-charge limited 
conditions, the potential distribution will be 
given by 


where k = if z is measured in 


2.34 x 10°¢ 
amps. per sq. cm and V is measured in volts. 
Here the cathode is taken as origin of V and 
of /, and the effects of initial velocity of the 
electrons are neglected. Equation (6) then 
merely expresses the Child-Langmuir law. 
The distribution is shown in Fig. 1. Suppose 
that the anode and grid of the triode are intro- 
duced into the electron stream at such potentials 
that the original distribution is unaltered, 1.e., 
so that 

Vo = 2/372 7. *) 

V, = 2/372 34/3, | 
We have now a triode with electrode potentials 
which are known in terms of the total space 
current which is passing. It is known that the 
field at the cathode of a plane triode is given by 


WwW V,+DV, 
Mw 1+ Di, 
in the absence of space-charge®. When a space- 





l 
jee | 


| Fig. 1—The curve represents the potential distribution in 

| a plane triode when the charge on the grid is zero and a 

| space charge limited current i ts flowing ; the potential V 

| at any distance | from the cathode is then given by 
yo ee. 
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charge-limited current flows, the cathode field 
is reduced to zero, and it is known that for any 
electrode system the current required to do this 
is proportional to the three-halves power of 
the cathode field. Hence we know that 


f= Re OPP ccc: (9) 


where K depends on the dimensions of the 
valve. 


Substituting from (7) for V,, V,, we have 


i= K(k? aja/ay 4 3 4 DR 372/3] 4 3)3 2. 
1 
a 
ki 3) DI oD = 
2.34 + 10° 
[Ee + DEA 


Hence 


in practical units. . .(10) 


= DeSesc 10-6(V, + DV,)? 2 
1 ?, Se — — ae 


+ Oe 


amps. per unit area, 


«ati 


whence we have 
3.50 x 10-°/V, + DV, 


a [Es + DER? et (12a) 
amps. per volt per unit area. 
From (11) and (12a) we have also 
2.64 x 1074213 
gm ae Re ce aka ca (126) 


-_ + DI: "7 
amps. per volt per unit area. 


These differ from the usual formule used only 
in the replacement of the term [1 + D]*? by 


the term 
1 4/3} 3/2 
[+oG) ]"- 


It will be noticed that the equation for 
current has been derived without explicit 
reference to the equivalent diode. ‘The form of 
the equations shows that the triode is equivalent 
to a particular diode, however, whose dimensions 
and anode potential (from equations (8) and 
(11) ) are given by 
[is + DEP | 

(Z, + D1)?’ 
[73 3 aes ier 


[, + Di.]* 
The difference between this value of /, and the 


Ly = 


V, = +P" 4. ...418 
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values hitherto assumed expresses the difference 
between equation (11) and previous formule 
which have been given for current. Diodes 
giving the same cathode fields in the absence of 
current, but having different electrode spacings, 
pass different currents, and the importance of 
this fact has not been sufficiently realized. 

No mention has been made so far either of 
the fact that part of the current will be stopped 
by the grid wires when these are positive or 
of the possible variation of the penetration 
factor. The effect of the former will always be 
very small, as if the wires are relatively thin 
the current will be little affected, while if they 
are thick the space-charge between grid and 
anode will anyway be largely shielded from the 
cathode. 

If the penetration factor varies very rapidly 
the formule (12a) and (126) may be in error, 
owing to the existence of appreciable terms 
involving 

oD d oD 
ww, an ww, 

The non-uniformity of space-charge owing 
to focusing by the grid wires when the grid is 
negative will not affect the field of the space- 
charge at the cathode so long as the grid is far 
enough away for its own field to be uniform. 

A similar analysis has been carried out to 
determine the radius and potential of the anode 
of the equivalent diode for the case of a cylin- 
drical triode. Given that D can be calculated, 
the results apply equally well to the squirrel- 
cage or helical grid in the absence of “insel- 
bildung.”* Large grid supports, however, 
cause a definite “beam” effect which makes 
many circular section valves obey the formulz 
for planes much more closely than they do those 
for cylinders. With these provisos then we 


have 
. 14.7 4+ 10°°V, + DV,)*? 
t= a2 oe Peet) y ++-(14a) 
D((7 a2 ca) + (7,8) ] 
amps. per unit length, 
22.0 x 10°°*VV, + DV, 
22.0 x ev, + DV, (14b) 


En = [(r g2 2 so D0 2 2 es 


gieg aca 


amps. per volt per unit length. 
* The term “‘inselbildung’’ is here taken to mean the 
state of affairs in which emission from the cathode surface 
is appreciably non-uniform. 
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The effect of initial velocities has been 
neglected throughout this discussion. In the 
case of the plane diode Langmuir!® has calcu- 
lated rigorously the potential distribution during 
flow of current assuming a Maxwellian distribu- 
tion of emission velocity among the electrons. 
It would in principle be possible to calculate 
the equivalent diode on this basis in a manner 
similar to the above. It is not possible in 
practice, however, to obtain separate expressions 
for [, and Vp, the spacing and voltage of the 
equivalent diode, though it can be seen that 
[, would in general vary with current. 

It is possible to obtain a first approximation 
to the true values by measuring the distances 
and voltages from the potential minimum rather 
than from the cathode itself when the distance 
l,, of this from the cathode can be calculated. 
It is not difficult to find l,, if the cathode 
temperature is known, for currents a small 
fraction of the saturation current, using the 
formule developed by Langmuir. For large 
currents, approaching the saturation value, 
initial velocity effects may be neglected. In 
Appendix C is estimated the correction required 
to allow for emission velocities to this degree 
of approximation. 


EXPERIMENT 


An apparatus has been built by means of 
which the grid and anode of a plane triode 
may be moved about at will while the current is 
flowing. It was desired that the position of the 
electrodes with respect to one another should 
be very accurately adjustable over a range of 
2 to 3 centimetres. To do this a short but 
accurate optical bench was built of steel. This 
was fixed rigidly to a circular steel base, and 
covered by a bell-jar which was sealed to the 
base with Apiezon Q. A pumping tube, a 
tube leading to an ionization manometer, and 
a tube carrying the necessary insulated electrical 
leads were soldered into the base, and the 
whole system could be evacuated by means of 
an oil-diffusion pump backed by a Cenco 
Hivac. In Figs. 2 and 3 are shown diagrams of 
the carriages and frames which were used to 
support anode and grid. In each case to the 


small steel carriage A sliding upon the optical 
bench was bolted a sheet of steatite to which 
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Fig. 2. 
Diagram of the method of mounting the grid and anode in the experimental 


Fig. 3. 


| apparatus. 





the frame M was fixed. The plane of each 
electrode was adjustable by means of the three 
screws S, against which the electrode itself was 
held by a molybdenum spring. The two 
carriages were moved by means of screwed rods 
(not shown) operated by steel ground joints 
lubricated with Apiezon L grease, and the 
positions of the electrodes were determined by 
graduations on the moving parts of the ground 
joints. As the screw used was of exactly 1 mm 
pitch, one complete rotation represented 1 mm 
movement of the carriage. It was possible to 
set the position of either electrode repeatedly 
to an accuracy of 0.01 mm. In Fig. 3 the 
cathode support is omitted for the sake of 
clarity ; this was bolted rigidly to the steel 
base, perpendicular to the steel rails on which 
the carriages ran. An indirectly heated coated 
cathode C was used, mounted on steatite 
insulators attached to a steel supporting frame 
shown in section at B in Fig. 4. The cathode 
itself was of unconventional type, as it was 
necessary to ensure absolute flatness. The 
working part consisted of a solid piece of nickel, 
30 mm by 8 mm by 5 mm thick, ground 
accurately flat on one face. The heater was 


contained in a shallow channel milled in the 
back, and was held in by two or three layers of 
thin nickel sheet, very lightly attached, to 
reduce radiation losses. 


As is indicated by the 
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AA, steel carriages ; D, steel frame of grid; E, nickel sheet 
anode ; G, molybdenum laterals of grid ; H, screwed rod, ensuring constant grid 
pitch ; LL, lavite plates ; MM, steel supporting frames ; RR, parallel guide | 
rails ; SS, adjusting screws against which the electrodes are held by springs. 


section of the whole electrode 
system shown in Fig. 4, one 
face only of the cathode C 
was coated and used. 
The cathode C and the frame 
B (from which it was insulated) 
were completely surrounded by 
the light steel frame D carry- 
| ing the grid wires G. In order 
| that the grid wires should be 
| truly coplanar they were wound 
| upon this frame, of which the 
| edges were very carefully 
ground flat and parallel. To 
| ensure even pitch two light 
| screwed rods H were welded 
| mear the edges of D, and the 
wires of the grid were wound 
into the threads at suitable 
| intervals. This avoided the 
small irregularities always 


produced by welding. The :grid could be 






NRC 








Fig. 4—Diagram to show the electrode construction. 
BB, shield round cathode ; C, indirectly heated nickel 
cathode ; D, steel frame of grid ; E, outer “guard” part 
of the anode ; F, centre section of the anode, area 0.575 
sq. cm insulated from E by heater coating ; G, molyb- 
denum grid laterals ; HH, screwed rods fixing the grid 
pitch ; MM, supporting frames ; SS, adjusting screws. 
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adjusted parallel to the cathode extremely well, 
so that measurements could be made down to a 
clearing distance of 0.002 cm between the 
cathode coating and the inner side of the grid 
wires, although the working length of the grid 
was 3 cm. 

In order to investigate the variation of current 
and mutual conductance in a planar triode 
without disturbing edge effects the anode was 
made of nickel sheet in guard ring form. 
A small rectangular section F (Fig. 4) was 
insulated from the main body of the anode E 
by a thin coating of insulating paste, the whole 
being baked at red heat im vacuo before use. 
This guard ring structure, though absolutely 
necessary, was not quite so flat as were the 
cathode and grid. The position of the centre 
section F, 1.550 cm long by 0.371 cm broad, 
was known to 0.004 cm, and the anode at no 
place departed from flatness by more than this 
amount. 

An ionization gauge was used to measure the 
pressure. Between it and the apparatus was a 
small trap which could be surrounded by liquid 
air. This made it easy to distinguish between 
air and condensable vapour, and made the 
finding of leaks a practically painless process. 
During the experimental work the pressure was 
maintained at between 5 x 10°? = and 
3 x 10° mm ; the apparatus could be degassed 
enough for this by running for about a day 
after the initial activation of the cathode. 


VARIATION OF CURRENT (MEASURED IN MILLIAMPS, PER SQ.CM) WITH GRID VOLTAGE 70 











Fig. 5—This shows the variation of anode current density 

i with grid potential V,, indicating that the three-halves | 

power law is closely obeyed. Anode potential was 200 volts | 

and the dimensions were as follows: 1, =0.170 cm; | 
la = 0.773 cm ; a = 0.175 cm ; d = 0.0089 cm. 


| 
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Fig. 6—Variation of penetration factor D and amplifica- 

tion factor « with grid-anode distance (la—l;). Full 

line = theoretical. © =experimental points. 1, = 
0.170 cm, a = 0.175 cm, d = 0.0089 cm. 


Tests were made to see whether the anode 
structure was properly carrying out its function 
of eliminating edge effects. If the edge effects 
were eliminated, changes in them must also have 
been eliminated. They could readily be changed 
by altering the potential V, with respect to 
the cathode of the frame B round the cathode 
(Fig. 4) (B was usually maintained at cathode 
potential). A grid potential of zero and an 
anode potential of 200 volts were maintained, 
the grid being in position midway between 
anode and cathode. A change from -15 to 
+ 15 volts of Vz produced no detectable change 
in the current to the centre section of the 
anode, J,,, though the current to the outer part 
of the anode, J,;, was doubled. Change of 
V, from — 30 volts to + 30 volts gave a change 
of I, from 1.00 to 1.04 mA, while J, changed 
from 5 mA to 15 mA. 

It seems clear from this that the guard ring 
was effective. The value of J, was very 
sensitive, however, owing to secondary emission, 
to any small potential difference between E 
and F (Fig. 4). A change of 1 volt sometimes 
made a difference of more than 10 per cent. in 
I. Care was taken therefore during all experi- 
mental work to ensure that no _ potential 
difference was set up ; it was hoped that contact 
potential differences would be small, as E 
and F were made from the same sample of 
nickel and were treated similarly throughout. 

Figs. 5-9 show some results of the experi- 
ments. First, tests were made of amplification 
factor to see whether the Miller-Schottky 
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| Fig. 7—Experimental and calculated characteristics for 
| a plane triode : Variation of anode current density i with 
grid potential Vy, at an anode potential of 200 volts. 
| Curve (a) is calculated from formula (1). Curve (6) is 
calculated from formula (11). Curve (c) is calculated from 
formula (11) with a correction for initial velocities. 
| Experimental points are given by ©. I, =0.170 cm, 
1, = 0.673 cm, a = 0.175 cm, d = 0.0089 cm. 








formula* could be trusted for the values of d/a, 
with which it was desired to work. Owing to 
the double anode construction it was difficult 
to measure the amplification factor dynamically, 
and the most accurate method was found to be 
extrapolation of a line obtained by plotting 
[,?/* against V, to zero current. This method 
also gave confirmation of the fact that current 
obeyed the three-halves-power law (see Fig. 5). 

Fig. 6 shows that good agreement between 


* See ref. 1. For plane electrodes this is 





(la—l,) is the distance between grid and anode planes, 
a is the grid pitch, and d is the grid wire diameter. 
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calculated and observed amplification factor 
was obtained. ‘This being so, the relations 
obtained for current and mutual conductance 
could fairly be tested. 

In Fig. 7 are shown actual measured values 
of anode current together with curves calculated 
from equation (1) (curve a) and equation (11) 
(curve b). It can be seen that curve (bd) is 
considerably more accurate than (a), but that 
nevertheless equation (11) appreciably under- 
estimates the current. This is very largely 
accounted for if we take into account the effects 
of the emission velocity. Curve (c) is calculated 
from equation (11) as before, but replacing /, 
and /, by l,-1,, and 1,-I1 respectively, as is 
shown in Appendix C, i.e., the position of the 
potential minimum is calculated and all distances 
measured therefrom instead of from the cathode 
surface. 

The introduction of a filament for the 
accurate measurement of contact potential would 
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Fig. 8—Variation of mutual conductance per unit area 

Zm with cathode-anode distance Il, at Va = 200 volts, 

V,=0. I, = 0.170 cm, a = 0.175 cm, d = 0.0089 cm. 

Curve (a) is calculated from equation (2). Curve (b) is 

calculated from equation (12a). Experimental points are 
given by ©. 
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| Fig. 9—Variation of mutual conductance per unit area gm 

with cathode-grid distance l,. Curves and measurements | 
correspond to a current of 1 mA to F (see Fig. 4) ; that | 
is, 2 = 1.74 mA per sq. cm. Curve (a) is from equations 

| (1) and (2). Curve (b) is from equation (126). Experi- | 
| mental points, ©. la—l, = 0.539 cm, a = 0.155 cm, | 
| d = 0.0050 cm. | 


have involved considerable constructional diffi- 
culties, and was not attempted. 

The effective contact potential between the 
grid and the cathode was found merely by 
measuring the applied grid potential for which 
grid current disappeared (using a _ micro- 
ammeter) when a plate current of 10 mA/sq. cm 
was flowing, the grid being close to the cathode. 
This gives the applied grid potential correspond- 
ing to the potential minimum rather than to the 
cathode surface itself. In the particular case of 
Fig. 7 the value of V,,, would be about —0.2 
volts. All the curves shown are corrected to 
the true value of cathode potential calculated 
in this way though the effect of the correction 
is very small. 

The current was always small compared to 
the saturation current available (about 80 mA/ 
sq. cm), and in these circumstances /,, can 
easily be found from the relation given by 
Langmuir!® (see Appendix C). 


If the initial velocity correction were made to 
equation (1) the disagreement with the experi- 
ment would be made appreciably worse instead 
of better, but when applied to equation (11) 
the agreement with experiment becomes very 
satisfactory. It is usually more important to 
be able to calculate the mutual conductance 
than the current so, having shown the possibility 
of the latter, current calculations will not be 
further considered in Part I. 

As with amplification factor, the mutual 
conductance is difficult to measure dynamically, 
and all measurements were made on anode 
current-grid voltage characteristics. In Fig. 8 
is shown the comparison between theory and 
experiment for the variation of mutual con- 
ductance measured at V,=0 with anode 
distance, the grid distance being kept fixed. In 
this experiment the correction for initial 
velocities, always smaller for mutual conductance 
than for current, has not been made. Making 
the correction would raise the calculated value 
of g at any given value of anode distance by 
something of the order of about 2 per cent. ; 
the two curves could not easily be shown in a 
reproduction. Equation (12) derived from the 
theory proposed above, clearly gives much 
better agreement than does the more frequently 
used equation (2). 

Fig. 9 shows the variation of mutual con- 
ductance with cathode-grid distance, the grid- 
anode distance /,—/, being kept constant. In 
this case the mutual conductance is calculated 
and measured for constant anode current, using 
equation (12h). Here it is possible to show the 
curve, allowing for the emission velocity 
correction. It can be seen that agreement is 
good for values of grid-cathode distance greater 
than the pitch, but that as soon as the grid gets 
closer to the cathode than this (i.e., by 1,< a) 
the experimentally measured values deviate 
more and more from the theory. It is particu- 
larly striking that the theory shows a continuous 
increase of g,, as |,/a—>+0, while the experiment 
shows a well-marked maximum value at 
,/a~3/A. 

By a further investigation of the geometrical 
theory for small values of /,/a it is possible to 
account quantitatively for the discrepancy, and 
to show why a maximum value of g,,, is obtained. 
This investigation is described in Part II. 











PART II. 
DISTANCE BETWEEN CATHODE AND 
GRID SMALL COMPARED TO THE GRID 
PITCH 


The formule worked out above are all 
derived upon the assumptions : 

(1) That the grid wires are thin; the formule 
hold well as long as the wire diameter is 
less than 10 per cent. of the grid pitch. 
That the grid pitch is itself smaller than 
the distances between the grid and the 
other two electrodes. When the distance 
between the grid and the cathode becomes 
equal to the grid pitch the formule will be 
in error by about 2 per cent. If the grid is 
far from the cathode the _ grid-anode 
distance may be considerably less than the 
grid pitch without causing serious dis- 
crepancies, as it is lack of uniformity of 
the field at the cathode that causes the 
major disturbances observable. 

It has been mentioned above that formule 
already exist by means of which the penetration 
factor can be calculated when the grid wires 
are relatively thick*:*. It is the purpose of this 
section to consider the case when the distance 
between grid and cathode is small. It will be 
assumed that the grid-anode distance is not 
small compared to the grid pitch ; the limitation 
of this will be discussed below. 

The analysis is given in Appendix D; we 
will give here only the principles on which the 
calculations were based, together with the 
results obtained. 

In Maxwell’s treatise on electricity and mag- 
netism a function which gives the distribution 
of potential due to a plane charged grid of fine 
parallel wires is calculated. By adding to this 
a simple linear function of the distance from 
the grid plane it is possible to find the function 
corresponding to a grid between two conducting 
planes parallel to the grid plane so long as both 
conducting planes lie at a distance from the 
grid large compared to the pitch. If, however, 
the grid lies close to one or other of them, the 
field at the surface of the plane, and hence the 
charge upon it, is no longer uniform. This 
means that a linear term can no longer represent 
the effect of the planes upon the potential 
distribution. To solve the problem thus set up 
it is necessary to use the conception of electro- 


(2) 
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static images. ‘This shows that the potential 
distribution due to the grid and to the adjacent 
plane conductor is exactly the same as would be 
the appropriate part of the potential distribution 
between the grid and a similar grid, oppositely 
charged in the position of the optical image of 
the original grid in the conducting plane. 
Alternatively, if two similar but oppositely 
charged grids lie parallel to each other, with 
the wires of one exactly opposite to those of 
the other, there will be an accurately equi- 
potential surface midway between them which 
can be identified as one plate of the plane triode 
to be considered. Ifa second conducting plane 
is at a considerable distance the addition to the 
combined potential functions of the grid and of 
its imaginary partner of a suitable linear term 
will adequately represent its contribution to 
the potential system. 

In Appendix D is given the mathematical 
derivation of the potential function. From this 
an expression for the electric field at the cathode 
is calculated. Then it is easy to determine the 
value of the “electrostatic penetration factor” 
D,, which represents the relative dependence 
of the field at any point of the cathode upon 
anode and grid voltages. 

The general expression obtained for this is 


eel | 


2rl, 
sinh? - “ , la 
2nx a 
cosh (= )- cos (== yt . (27) 


where x is the distance along the cathode 
measured from a point in the cathode directly 
below a grid wire. 

This is interesting in that it shows no depend- 
ence on the values of anode or grid voltage, i.e., 
the cathode field is still at all points a linear 
function of V, and V,. On the other hand, it is 
no longer constant over the cathode surface, 
but shows a periodic variation with x, i.e., as 
the point considered moves along the cathode. 
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EXPERIMENT 
It is not possible to show the variation of 





42 ELECTRICAL COMMUNICATION 


penetration factor with x experimentally in a 
vacuum tube, as in order to do so we should 
have to know the distribution of current along 
the cathode. On the other hand, it was felt 
that it was necessary to get some experimental 
check of the formula which is of importance in 
the consideration of variable pu effects in close- 
spaced valves. It is possible to do this quite 
accurately using a rubber sheet model such as 
was originally suzgested by Mr. P. B. Moon", 
and has been described in some detail by J. R. 
Pierce and others'*. A rubber sheet is stretched 
ina horizontal plane so tightly that it does not 
sag appreciably under its own weight. Then 
if points on it are slightly displaced vertically 
by suitably applied pressure any points on the 
free parts of the sheet will conform to the 
equation 
wh oh 
oe ee 
ox? Oy” 
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VARIATION OF THE ELECTROSTATIC VALUE OF THE 
DURCHGRIFF De, ALONG THE SURFACE OF THE CATHODE 
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| Fig. 10—Variation of the electrostatic value of the | 


| penetration factor, Dr, at a point on the cathode surface, | 
| with the distance x from a point immediately below a | 
| grid wire. The curve was calculated from equation (27) | 
and the experimental points © obtained on the rubber 
sheet model. The dotted line shows the value of D 
| obtained from Schottky’s simple formula. a = 29.2 cm, | 
d = 0.94 cm, 1, = 04a, lL, = 1.4 a. 


where h is the vertical displacement of the point 
and x, y are rectangular coordinates in a 
horizontal plane. This equation is of the same 
form as Laplace’s equation for a potential distri- 
bution independent of the z axis under space- 
charge-free conditions, the displacement h 
taking the place of potential. We can then 
determine the form of the potential distribution 
for any system of electrodes whose geometry 
varies only in two dimensions by applying 
models of such electrodes to the stretched sheet, 
their displacements being proportional to the 
potentials normally carried by the electrodes. 
Clearly the slope of the free rubber sheet at any 
point will then be proportional to the potential 
gradient at the corresponding point in the 
electrostatic system to be investigated. 

A model of a parallel plane triode was set up 
in this way. The ‘“‘field” at the cathode was 
measured by means of a small piece of mirror 
lightly attached to the sheet very close to the 
edge of the cathode. This reflected a beam of 
light from a fixed source on to a fixed scale. It 
was then quite easy to measure D, merely by 
raising the grid model through a measured 
height 4, and measuring the distance A, through 
which the plate model has to be lowered in 
order just to bring the light spot back to its 
original place on the scale. This would corre- 
spond in a real valve to increasing the negative 
bias of the grid by a measured amount and then 
measuring the increase of anode potential 
required to maintain the cathode field at its 
original value. 

This was repeated several times, and on 
plotting A, against h, a straight line was obtained 
of slope D,;. The mirror was used at several 
points along the cathode surface, and it was 
thus possible to determine the corresponding 
variation of D, (the electrostatic value of 
penetration factor at a point on the cathode). 

In Fig. 10 the full line shows the theoretical 
variation of D, calculated for a particular case 
from equation (27) together with experimental 
points obtained from the rubber sheet model. 
The agreement may be regarded as confirmation 
of equation (27), though it is possible that 
mathematicians may rather regard it as proving 
the ability of the rubber sheet to deal with such 
problems as this. Certainly the measurements 
on the sheet give an extremely valuable means 
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| Fig. 11—Variation of the penetration factor D and 
amplification factor « at small values of the grid cathode 

| distance ly. The curve is calculated from equation (27) 
| and the points ® are measured experimentally for small | 
currents. (la—lg) = 0.539 cm, a=0.155 cm, d= | 
0.0050 cm. 








of measuring amplification factors in other cases 
which may not be as easily calculated. 

Although it was not possible to measure the 
variation of D, at different points of the cathode 
in the experimental valve, it was possible to 
measure the particular value D, of D,; when 
x = (2n + 1)a/2, this being the value which will 
be obtained for very small currents, as it is clear 
from general considerations that the current 
flowing very near to cut-off will be emitted by 
parts of the cathode midway between grid wires. 

Fig. 11 shows the corresponding variation of 
4 with J,/a when the distance from grid to 
anode is kept constant ; the full line was calcu- 
lated from the expression 


4n| 2 _ fa tanh (=) 
1 i. a a a 


to which expression (27) reduces when x = a/2, 
and the experimental points were obtained by 
plotting » against current and extrapolating to 
zero. 

It seems then that the expression gives 
accurate values down to very small values of 
l,/a. For practical reasons it has not yet been 
tried for very small grid-anode distances ; using 
the rubber sheet model, agreement was still 
obtained for 


Lk, — (0.4 and I = 0.4. 
a a 


In order to calculate anode current and 
mutual conductance we need to know the 
variation of penetration factor with current. It 
can be seen from Fig. 10 that D (the average 
value as measured) will not begin to change 
very much until emission has begun over an 
appreciable part of the cathode surface ; further- 
more it will be the mean value of D, along the 
emitting part of the surface weighted according 
to the current density ; this being greatest when 
D, is greatest will help to prevent a rapid 
change of D with small currents. 

Fig. 12 shows how the experimentally 
measured amplification factor changed with 
current with the grid very close to the cathode 
when I,/a was 0.039. The dotted line shows the 
theoretical value, u, = 1/D,, for zero current. 
Up to a current density of 10 mA/sq. cm 
practically no change takes place from the cut- 
off value p,. Beyond this » begins to go up 
very rapidly as V,—>0, when current begins to 
flow from parts of the cathode immediately 
below grid wires, as would be expected. The 
sharpness of the “elbow” in Fig. 12 depends on 
the values of V, and V,. The type of char- 
acteristic obtained at such close spacing is 
shown in Fig. 13. For a given value of anode 
current a high anode potential and large nega- 
tive grid bias will give a much sharper elbow 
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than will a low anode potential and correspond- 
ingly lower grid bias. The reason for this is 
clear at once from consideration of the way in 
which the current will be distributed along the 
cathode surface in the two cases. 

For fairly small currents then it should be 
possible to get a close approximation to the 
measured mutual conductance from equation 
(12), using the electrostatic value for the 
penetration factor in the calculation, taken from 
equation (28). Fig. 14 shows a curve calculated 
in this manner for the variation of mutual 
conductance with /,, assuming that 1 mA flows 
in the centre section of the anode used in the 
experiment. The calculation is carried out for 
the case shown in Fig. 9. The curve shows the 
well-marked maximum found experimentally ; 
this is clearly demanded by the fact that when 
l,/a is small g,, is proportional to D™*’? and D 
itself is roughly inversely proportional to 
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| Fig. 12—Variation of the penetration factor and amplifica- 
| tion factor with anode current density when the grid is 
| very close to the cathode. The dotted line represents the 
| value obtained for the cut-off value from equation (28) ; 
| the points and curve are experimental. Schottky’s formula 
gives M 1/D = 9.4. Anode potential 140-180 volts. 

| Ig 0.006 cm, Ila = 0.545 cm, a=0.155 cm, d= 
0.0050 cm. 
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| Fig. 13—Experimental anode current-grid voltage charac- 
| teristics under conditions of severe “‘inselbildung.’’ Note 
| the long tail and the rapid change of the penetration, 
| 


factor as Vg—>0. Ig =0.007 cm, la =0.162 cm 
a = 0.155 cm, d = 0°0050 cm. | 


l,/a*. ‘The values of J,/a, for which the mutual 
conductance is a maximum, for constant anode- 
grid distance and in some other given conditions 
have been calculated. The calculations are not 
given here, as the expressions obtained are 
somewhat unwieldy and are of limited import- 
ance. The maxima are flat, and the exact 
positions found in practice depend on the 
emission velocities of the electrons. The 
experimental points shown in Fig. 9 are again 
put in, and it is clear that by taking account of 
the variation of the penetration factor with grid- 
cathode distance a close approximation to the 
measured mutual conductance can be obtained. 
If initial velocities are allowed for a closer 
approximation still can be obtained. This is 
clearly exemplified by Fig. 15, which was taken 
for a smaller value of grid-anode distance in 


* This can be seen from equations (12 b) and (27); the 
way in which the penetration factor varies with cathode- 
grid distance can be seen from Fig. 11. 











CALCULATION OF 


TRIODE CONSTANTS 











which the effect of emission velocity was greater 
and, since the saturation current was higher, 
more easily estimable. 

We may conclude then that if allowance is 
made for the increase of the penetration factor 
at close spacings, the formule (11), (12) which 
have been developed make it possible to 
calculate anode current or mutual conductance 
to a very fair accuracy for any valve in which 
the electrodes may be regarded as plane, so 
long as the current density is not too high. 
Accurate calculations of the upper parts of the 
characteristics for close spacings have not yet 
been made; work is still being done on this 
problem. It should be noted that for valves 
with large amplification factors the calculated 
value of anode current and mutual conductance 
will be approximate, owing to the big difference 
made to the effective voltage by contact poten- 
tials, etc., unless this can be measured by 
observation of the grid potential at which grid 
current disappears. ‘This is impossible when 
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Fig. 14—Variation of mutual conductance gm per unit 
area with cathode grid distance measured as a fraction 
of the grid pitch, lg/a. Theoretical curves, experimental 
points at a current density i = 1.74 mA _ per sq. cm 


(la—lIg) = 0.539 cm, a = 0.155 cm, d = 0.0050 cm. 
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Fig. 15—Variation of gm with lg/a. Curve (a) from 
equations (12b) and (28). Curve (6) from equations 
(126) and (28) corrected for finite emission velocity. 
Experimental points, ©. (la—lg) = 0.155 cm, a= 
0.155 cm, d = 0.0050 cm, i = 1.74 mA per sq. cm. 








it is desired to carry out the calculations in 
advance. It is often useful, then, to decide in 
advance the anode current to be used at the 
working point and to use the formula (12 3) : 


26:4 afi x 10-3 amps. per volt per sq. cm 
; ~ 84 DBS when ? is in amps. per 
: ; sq. cm, 


g = 
sm 


derived from (11) and (12 a) by elimination of 
Vand V, to determine the mutual conductance. 
The exact grid bias necessary is then found 
after the valve has been made up. 

The work here described has been carried 
out in the Valve Laboratory of Standard 
Telephones and Cables, Limited, Woolwich, to 
whom I am indebted for permission to publish 
these results. I wish to acknowledge also my 
grateful thanks to Mr. W. 'T. Gibson, the Chief 
Valve Engineer, for the long hours which he 
spent in giving invaluable suggestions as to the 
best way of representing the results obtained ; 
to Dr. D. H. Black, Chief of the Valve Labora- 
tory, for his continuous advice and encourage- 
ment; to R. N. Hall and D. P. R. Petrie for 
their help with the work itself; and to W. R. 
Hindle for his skilful and accurate work in the 
construction of the experimental apparatus. 

Finally, I would like to thank Mr. J. A. 
Ratcliffe for a very helpful discussion, as a 
result of which the theory of Part I was con- 
siderably clarified. 
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APPENDIX A 
Meaning. 
Grid pitch. 
Used as constants. 
Langmuir’s function for a cylindrical diode. 
Diameter of a grid wire. 


See ref.’. 


Penetration factor (reciprocal of amplification factor). 


Penetration factor, electrostatically calculated. 


The value of D, midway between wires. 
Electronic charge. 
Base of natural logarithms. 
e 
The function —~(V -V »). 
RT m) 


: ; 1. 
The value of 4 at the cathode ; its value is log. ‘es! See ref.'”. 
z 


Mutual conductance per unit area in formule for plane electrodes ; 
per unit length for cylindrical electrodes. 

Space current per unit area (plane) or unit length (cylindrical). 

Space current density in saturation conditions. 

Experimentally measured currents to the centre anode and outer 
guard ring respectively. See Fig. 4. 

Boltzmann’s Constant. 


The function 4(/-1,,) Gr) 8/491 /4(ei) "2 


The value of & at the cathode. See ref.!°. 

Distance of a point from the cathode. 

Distance of anode, grid, and potential minimum respectively from 
the cathode. 

Distance between the electrodes of the equivalent diode. 


Defined by L = o( 7) 34m 44/ e7, 


Charge per unit length of grid wires. 
Electronic mass. 


2L(1 1). 


Amplification factor. 


Reciprocal of Dy). (Amplification factor at cut-off). 

An integer. 

Radii of anode, grid, and cathode respectively of a cylindricai triode. 

Absolute temperature. 

Potential at any point. 

Potentials of anode, grid, and potential minimum with respect to 
the cathode. 

Rectangular coordinates with origin in the cathode, the axis of x 
being in the plane of the cathode perpendicular to the wires and 
the axis of y passing through the centre of a wire and increasing 
towards the anode. 


The potential gradient at the cathode surface. 
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APPENDIX C 


As a first approximation we may correct for 
the effect of initial velocity of emission from the 
cathode by measuring all distances and voltages 
from the potential minimum outside the cathode 
rather than from the cathode itself. Langmuir'° 
has shown that this potential minimum always 
exists if the current is unsaturated, and has 
shown how in a plane diode its distance from 
the cathode /,, and depth V ,, can be calculated 
for any given current density if the saturation 
current density 7, is known. He assumes 
the emitted electrons to have a Maxwellian 
distribution of velocities corresponding to the 
temperature of the cathode. For convenience 
he introduces the non-dimensional variables 


ec 
N =alV - F a), 
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The relation between y and € is then in- 
dependent of the properties of any particular 
diode, and tables are given in the paper pre- 
viously referred to from which either can be 
found if the other is known. Using suffices to 
indicate the points considered, we have 7 = 0, 
and Langmuir shows that 
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Sin sat 
Ne = log 7 
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—.. % 
Then Run ae, 
e 1 
or in practical units 
: 1. 
V m = — => log, —......... 16 
11 600 °° om 


To calculate the value of /,, we use the tables 
mentioned above to find - £., since 7, can be 
found when 7,,, is known. 

Then -& = 
and in practical units 


- 


ee a 
2:90 x 1047-2! 44/; 
If voltages and distances are measured from 

the potential minimum then, from (11), in the 

plane case, 

. 2:34 x 10°°(V, + DV, - Vm)?” 

, [(d, —1p)*'?§+ DL, -1m)* 7 2 

amps. per unit area. 

This expression, in spite of its approximate 
nature, would give a very complex formula for 
the mutual conductance as it stands, since /,, 
and V,, both vary with z. If z is not a large 
fraction of 7,,,, however, we can make some 
further assumptions before differentiating. For 
large values of 7 the rate of variation of —& 
with 7 is small. If this is neglected we have, 
as in (17), that /,, is inversely proportional to 


Se - 


Vi, « being assumed constant for the purpose 
of differentiation. When 2/7,,, becomes fairly 
large, « is no longer even approximately con- 
stant, but, on the other hand, the whole cor- 
rection required is very small. The effect of 
the variation of V,, is very small except at very 
small currents indeed. 


Then we have, from equation (18), 
V, + DV.-Vm 
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which gives us finally 
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(Z, - Lay’ . an D(l, alm) al = 
Lm =m 1 fas — ’ 
. & I ° (J, - Im)! 3 a + Di, - -1,,)4 
(19) 


where g,, is the value of g,, obtained from 
equation (12b) by replacing J,, J, by (J, -lm), 
(1, —l,,) respectively for a given current. The 
factor in the bracket is usually very close to 1. 

In the case of a valve in which the electrodes 
are concentric cylinders the correction for 
initial velocities is considerably smaller'®, and 
may therefore be neglected. 


APPENDIX D 


If we have a grid at a distance J, from a 
conducting plane cathode we can consider the 
potential distribution as being that due to a 
pair of oppositely charged grids at y= +1,. 
(y = 0 at the cathode). The expression 


2ry 2rx 
V = - + log, 2[ cosh & ») — cos ( ‘| 
a a 


represents the potential at any point (x, y) due 
to a plane grid of fine equidistant parallel wires 
with charge per unit length A, in the plane 
y =0, the axis of x being taken perpendicular 
to the grid wires and the origin being at the 
centre of a wire. 


Then for two grids at y = + 1, we should have 


2x —- 2rx 


cosh —. y-l, —cos — 
Vv a ie a 
Pa ae a 


If we have an anode parallel to these at a con- 
siderable distance at y = 1, we shall obtain the 
correct potential at any point by adding 
By + C to the potential V, where B and C are 
constants. At the cathode, where y= 0, the 
potential then reduces to 


(20) 


At the grid y = l,, x = d/2 (the wire radius), and 


we have 
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if /,/a is fairly large. 
From the last four equations then we have 
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cosh (= y+l,)- cos(= =) 
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+ By, (c) 
where V is now measured from the cathode. 
From these we can find the potential at any 
point by elimination of B and A in terms of 
V, and V,. Here, however, the field at the 





cathode, > , is required. This is given, 
yy c 


from (24 we by 
— .sinh & l,) 
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Eliminating % and B from (25), (24 a), and 
(24 6), 
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CALCULATION OF TRIODE CONSTANTS 


| is / sinh G l ,) =| 
on, ae 

i eer — -cos( a 

This will vary with x until 


cosh (=:) > 1. 
a 


When J,/a= 1 the variation will not be very 
great, as cosh 2z is about 275, but for smaller 
values the variation may become considerable 
unless (1,V,—1,V,) is small. 

The relative effectiveness of the grid and 
anode voltages then varies along the cathode. 
We shall define as “electrostatic penetration 
factor,’ D,, at any point the ratio 
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The value of D, can then be found from (26) 
to be given by 


. (26) 


eG 1) 
- ce ) y fe e ! 


g 


n(F) 4) 
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which again clearly varies along the cathode 
surface, giving a maximum value between two 


wires. In Fig. 10 is shown the form of variation 


for the particular case 
l 
t, =04, —-=14. 
a a 


The maximum value D, is given by 


sinh? eS \) 
=I 1, tanh (™ ‘) - —log, = +— | 
sin? 


re / Li a 
# tanh (© 2 ee (28) 


which for small values of 1,/a reduces to 


log, : + =) 
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The iis si experimental variation 
of D, with |,/a for values of the latter less than 


sa ban pas l, -1 
unity is shown in Fig. 11 for a constant ——— 
a 


D, = 





D aa 
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= 1 and ‘ 0.032. As d/a increases Dy, falls 
away more rapidly when /,/a decreases, and 
hence when a grid close to the cathode is to 
be used it is advantageous to use the finest 
possible wire to avoid as far as possible the 
effects of variation with current of D. 


The Valve Laboratory, 
Standard Telephones and Cables, Ltd., 
North Woolwich, E.16. 





A New Hard Valve Relaxation Oscillator 


\ By D. oH. BLACK, Ph.D. MSc., Fainst.P., FPS... 
Standard Telephones and Cables, Limited, London, England 


ELAXATION, or saw-toothed, oscil- 
lators have been in use for a number of 
years, principally for providing linear 

time bases for cathode-ray oscillograph work. 
The advent of television has brought them into 
much more common use and in many ways the 
demands made upon them have become much 
more stringent. Fundamentally, most oscillators 


to be described use hard valves and _ their 
stability of operation is extremely good, even at 
comparatively high frequencies. 

The principle of the method can be seen in 
Fig. 1. The valve D is a tetrode whose anode 
is capable of emitting more secondary electrons 
than the number of primary electrons which 
reach it from the cathode. That is to say the 

anode has a 





of this type con- 
sist in means for | 
charging a con- 
denser at a uni- 
form rate and 
for the repeated 
rapid discharg- 


ing of the con- 
denser when a 
predetermined 
voltage has been 
built up across 


it. In 
oscillators the 
process re- 
versed: the con- 


some 


is 


Fig. 


secondary emis- 
sion ratio greater 
than unity. A 
steady potential 
Vis applied to 
the anode 
through the re- 
sistance R,, and 
a negative 
potential V is 
applied to the 
first grid of the 
valve through 
the resistance 
R,. The vol- 





denser is charged 

rapidly and discharged at a uniform ate ; 
but these are essentially the same in operation. 
Until comparatively recently the most common 
method of discharging the condenser was 
to make use of a gas filled valve of the hot 
cathode grid controlled type, which discharges 
the condenser as soon as the required potential 
has been obtained. Such oscillators are 
still used to a very large extent, but they are 
open to certain objections such as instability, 
particularly at high frequencies. A number of 
oscillators using “‘ hard” valves for discharging 
the condenser have been developed, some using 
one and others two or more valves. ‘The circuits 


*Paper delivered before the Washington, D.C., Branch of 
the Institute of Radio Engineers, January 9th, 1939. 
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tage V, applied 
through the resistance R, charges up the 
condenser C, until the potential on the second 
grid of the valve is sufficient to cause current 
to flow. Some of the primary electrons will 
flow to the anode and will eject from it 
secondary electrons which will be collected 
by the second grid. The condenser C, thus 
commences to discharge over two paths—to 
the cathode and to the anode. Since the 
secondary emission ratio of the anode is greater 
than one, some current will flow from the anode 
through R;. The potential drop created in R, 
will apply a positive impulse to the first grid 
through the condenser C,. This increase in 
the potential of the first grid increases the 
current flowing through the valve, thus further 
increasing the current in R, and the potential 
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on the first grid. The process thus becomes 
cumulative and the discharge of C, rapidly takes 
place until the current through R, begins to 
decrease, the process then reversing and the 
valve returning to its non-conducting state. In 
practice the potential V’., which is usually of the 
order of 100 volts, may be obtained by means of 
a potentiometer from V,, while the necessary 


negative grid bias, —V3, may be obtained by 


means of a bias resistor. The saw-tooth 
oscillations are taken off at a a. 

The circuit described above can be made to 
work tolerably well and has an extremely rapid 
fly-back, or discharge period. It has been 
incorporated in an oscillograph for providing 
the linear time sweep, variation in frequency 
being obtained by varying C, and R,, but it 
suffers from one drawback which under certain 
circumstances is rather serious. It is obvious 
that once the potential between the second grid 
and the anode becomes insufficient to withdraw 
the secondary electrons from the anode, the 
current through R, will decrease, so returning 
the valve to its non-conducting state. The 
action of the discharge valve depends upon the 
anode receiving an increase in potential, that is 
to say, the anode tends to rise to the potential 
of the second grid. In Fig. 2 the discharge 
valve has been shown as a series of rectifiers 
which indicate the directions in which the 
current flows through the valve. This shows 
that whereas the anode may easily receive a 
positive charge through the rectifier connecting 
it with the second grid, G,,it is not so easy for 
it to lose this charge which must leak away 
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through the resistance R,. As has been stated, 
the condenser discharges rapidly and the 
potential on the second grid may fall at too 
rapid a rate for the anode to follow it, with the 
result that the discharge ceases although the 
condenser may still have a comparatively large 
potential across it. Cases have arisen in which 
the lowest potential to which C, would discharge 
was not less than } V, even when this was 4 000 
volts. The effect of this residual charge is to 
reduce the linearity of the oscillation to a marked 
extent. 

A circuit depending upon the same principle 
of operation but which largely overcomes the 
defect mentioned above is shown in Fig. 3. 
In this circuit the positions of C,, R, and the 
discharge valve have been inverted; and 
instead of the second grid becoming positive as 
C, becomes charged, the cathode becomes more 
negative. As in the first case, the potential at 
which the valve commences to conduct is 
determined by the potential of the final grid, 
that is to say, by the relative values of R,, 
R, and R,. Once the valve commences to 
conduct, the operation of the circuit is 
similar to that for Fig. 1; but the drawback 
mentioned in connection with the former 
circuit has been largely eliminated. In this 
arrangement the second grid remains at a fixed 
potential and therefore the anode has no 
tendency to take up a higher potential than the 
second grid at any time during the discharge 
period. The theoretical minimum potential to 
which C, can discharge is determined by the 
potential necessary on the anode to give a 
secondary emission ratio greater than unity and 
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the difference in potential be- 
tween the second grid and the 
anode which is required to 
withdraw the secondary elec- 
tron from the anode. ‘This 
minimum is not obtained in 
practice for a number of 
reasons, but it is possible to 
work with minimum potentials 
of the order of 150 to 200 
volts. 

While a complete mathe- 
matical analysis of the above 
circuit would be difficult, some 
of the limiting conditions can be determined in 
a general way. ‘The changes in the potential 
of the first grid are greater than those of the 
cathode since, if conduction through the valve 
is to be maintained, the difference of potential 
between the cathode and grid must decrease. 
The change in the potential of the grid is due 
to the change in the potential of the anode, and 
the grid changes cannot be greater than the 
anode changes and are usually less. The main 
reason why the changes in grid potential are 
usually less than the changes in anode potential 
is due to the fact that if the grid becomes 
positive with respect to the cathode grid current 
will flow, so limiting any further rise in grid 
potential. The maximum possible change in 
anode potential would arise when the anode 
was driven right up to the potential of the 
second grid, but this can never be quite achieved 
owing to the necessity of there being a small 
potential difference between the two to main- 
tain the flow of secondary electrons. The 
potential of the anode when conduction 


R, 
p. Where f= Ret Ry + Ry 
0 


If the anode 
potential, the change in 


starts is —V, 


earth 
would 


could be driven to 
potential 
be Vig - Therefore the change in the 
0 


potential of the first grid is always less than 


> but may approach it under optimum 


MR, 


conditions. 
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Fig. 4. 


At the time when conduction begins the 
relationship between the potential of the cathode 
and that of the first grid is given by 


ae aa Pini tt nos (1) 


where V, is the potential of the cathode, Va, 
that of the first grid and pw the amplification 
factor of this valve at zero current. Hence the 
potential of the cathode is given by 


; a R.+R, 
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As has been shown above, the maximum 
change in grid potential is not greater than 


V 





1 = and therefore the maximum potential to 
0 

which the grid can rise is given in the extreme 
condition by 

‘ _R; 

Vo /=-—7,— (3) 

Assuming that when conduction finishes the 

cathode and first grid are at the same potential, 
the maximum change in cathode potential is 
given by 
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The actual value of the change in cathode 
potential, i.e., the peak swing obtainable, must 
be less than this for the reasons already set out, 
but it can be seen that for given values V, and 
R, the amplitude of the swing is mainly deter- 
mined by the value of R,. The value of R, has 
a minor effect on the amplitude of the sweep 
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and its value is determined by the potential 
difference required between anode and cathode 
to give a secondary emission ratio greater than 
unity. The minimum value of R; can easily 
be seen to be given by 


e+ 


R, _R: + Ry V; ( 
U Vy Ue 

where V ,is the potential necessary for the primary 
electron to give the required secondary emission 
ratio. This circuit is very suitable for operation 
at high voltages and it is sometimes convenient 
to operate it from the high tension supply for 
the cathode-ray tube. 

In order to obtain freedom from the so-called 
trapezium distortion when operating electro- 
statically deflected cathode-ray tubes, it is 
necessary to have a balanced sweep circuit. 
A simple method for obtaining this is shown in 
Fig. 4. The left-hand portion of the diagram 
is the same as in Fig. 3. The right hand portion 
consists of a second charging circuit R; C hav- 
ing the same time constant as R, C;. A valve F 
is connected across C, and the negative bias on 
the control grid is sufficient to prevent conduc- 
tion through the valve during the charging 
period. The change in the anode potential of 
valve D is also applied to the grid of E through the 
Condenser C,, so causing the rapid discharge 
of C;. With the deflecting plates of the cathode- 
ray tube connected to the points a and ba good 
balanced deflection can be obtained, and by 
using two such circuits with the correct time 
constants the line and frame sweeps for a 
television “raster”? can be provided. Syn- 
chronizing signals are applied at S. 

One of the features of this circuit is the 
extremely rapid discharge period or “ fly-back.”’ 
When working with a 405 line interlaced 
television system the frame fly-back takes place 
in half the time taken for one line, or approxi- 
mately 0.25%, of the charging time. The line 
fly-back probably takes a proportionately longer 
time, but that this is also very rapid was indicated 
by a phenomenon which will be mentioned 
later. For a hard valve discharge device such a 
rapid fly-back is unusual, the reason probably 
being the absence of any impedance between 
the condenser and the valve. 

The circuit just described is very satisfactory 
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in many respects, but a few of the precautions 
which must be taken should be mentioned. 
Since the cathode of the discharge valve D is 
floating, any potential changes occurring on it 
are communicated to the heater. Unless these 
fluctuations are filtered out from the heating 
transformer they will also appear in other parts 
of the circuit, and owing to the extreme rapidity 
of the fly-back it is not always easy to suppress 
them. For this reason it is sometimes desirable 
to slow down the discharge by inserting resist- 
ance between C, and the valve. 

When receiving television using such a circuit 
an interesting phenomenon caused by the rapid 
fly-back was observed. Owing to the presence 
of stray inductance in the discharge circuit the 
rapidity of the line fly-back set up oscillations 
during this period. ‘The chokes in the heater 
circuit were not capable of filtering out these 
high frequency oscillations which were able to 
act on the modulating electrode of the cathode- 
ray tube. Normally, when receiving television, 
the modulating electrode is biased beyond cut- 
off during the fly-back period, but in this case 
the positive pulses from the oscillations were 
of sufficient magnitude to overcome this bias. 
Consequently a number of spots appeared on 
the cathode-ray tube screen during each line 
fly-back, their combined effect showing up as 
a number of vertical lines superimposed on the 
received picture. A rough calculation showed 
that the frequency involved could not have been 
less than 40 Mc/s. 

As has been mentioned, the minimum 
potentials to which C, can discharge in the 
above circuit are of the order of 150 to 200 volts. 
While such residual voltages are of little 
importance when JV, is not less than 1 000 volts, 
they may be undesirable when JV, is only a few 
hundred volts. When operating electrostatically 
deflected cathode-ray tubes, relatively high 
voltages are required and the circuit of Fig. 4 is 
very satisfactory. Nowadays, however, there 
seems to be a growing tendency to use magnetic- 
ally deflected tubes, in which case large deflect- 
ing currents at fairly low voltages are required, 
and it is very desirable to be able to operate the 
sweep-circuit with applied voltages of the order 
of a few hundred volts. For this reason the 
circuit shown in Fig. 5 was developed. 

It will be seen that this circuit is very similar 
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OUTPUT 


do 


to that shown in Fig. 1, the difference being the 
introduction of a third grid situated between 
the anode and the second grid. In Fig. 5 the 
third grid is shown connected directly to the 
applied voltage. This is not essential but often 
convenient. It must be maintained at a higher 
potential than the anode. In this circuit the 
third grid collects the secondary electrons from 
the anode during the discharge period, and 
consequently the potential of the anode tends 
to rise to the potential of the third grid and not 
to that of the second grid. Since this potential 
is constant, there is no tendency for the flow of 
secondaries from the anode to cease as the 
condenser discharges before the point is reached 
where the current through the valve begins to 
decrease. Minimum potentials across C, may 
be as low as 15 to 20 volts, which is of the same 
order as the minimum potentials obtained when 
using gas-filled tubes for discharge purposes. 
In this arrangement the potential of the second 
grid may never rise above that of the anode. 
With V, having values of from 300 to 500 volts 
oscillations having a peak swing of 30 to 50 
volts can be obtained, these being sufficiently 
linear for most purposes. 

The valves required for the first two methods 
may be of a more or less conventional tetrode 
type, provided that the anode has a secondary 
emission ratio greater than unity. As a matter 
of fact a special tetrode for use in high voltage 
circuits was developed in which the second grid 
was well insulated and brought out to the top 
cap of the valve ; but a commercial screen grid 






valve has been successfully 
o500V Vi | used. In the first two 
| methods the total current 
| flowing to the second grid is 
never less than the total 
emission current from the 
cathode, but is greater than 
| this by the amount of current 
| flowing through R, (Fig. 1). 
| In the third method the 
| secondary electrons emitted 
by the anode are collected by 
the third electrode. If the 
second grid rises to a poten- 
tial above that of the anode 
it may collect some of the 
secondaries, but in general 
the discharge current from C, only consists of 
the primary electrons flowing from the cathode 
to this grid. Ina conventional type of pentode 
steps are usually taken to ensure that the current 
flowing to the second grid is only a fraction cf 
that flowing to the anode. If such a valve were 
to be used in the circuit shown in Fig. 5 the 
discharge time would be too long, and con- 
sequently a special valve has been designed. In 
this valve the second “ grid” takes the form of 
an ordinary anode with a few small holes in it. 
This electrode is made from carbonized nickel 
in order to minimize any secondary emission 
tendency which would slow down the discharge 
time. The outer anode is made of bright nickel 
with the inside surface sprayed with cathode 
coating material in order to make certain that 
a secondary emission ratio greater than unity 
will be obtained. 

It has been mentioned that the pulses trans- 
mitted to the first grid of the discharge valve 
may be, and in fact usually are, large enough 
to cause grid current to flow. One result of 
this is that the condenser C, receives a charge 
during the discharge period, the effect of which 
is to make the first grid more negative than the 
bias potential applied to it. The charge on C, 
leaks away through the resistances in series 
with it during the charging period. If the time 
constant of the circuit associated with C, is too 
long then the potential on the first grid will be 
determined by the charge on C, and not by the 
applied biasing potential, with the result that 
the frequency of the oscillations may be largely 
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determined by the time constant of the C, 
circuit. One usually endeavours to obviate this 
by keeping the time constant of the discharge 
circuit well below that of the main charging 
circuit. 

The nature of the impulses applied to the 
anode and to the first grid in the circuit shown 
in Fig. 5 are shown in Figs. 6 and 7. These are 
photographic reproductions of the patterns 
formed on a cathode-ray tube when one pair of 
plates is connected across C,, the horizontal 
deflection, and the other pair connected across 
anode and cathode or first grid and cathode. 
In the figures the upper pattern is taken with 





Fig. 6. 


the anode connected to one of the vertically 
deflecting plates. Fig. 6 shows a normal charge 
and discharge cycle. During the heavy portion 
of the pattern the condenser C, is becoming 
charged positively until a point is reached when 
conduction commences in the discharge valve. 
At this point the potential across C, decreases 
and at the same time the anode becomes 
positive, as shown by the pattern sloping 
upwards from right to left. A sharp corner 
occurs when the anode potential falls sharply, 
conduction ceases and C, commences to charge 
once more. The anode potential continues to 
fall during the initial portion of the charging 
period, but becomes constant before its comple- 
tion. Although the anode continues to increase 





Fig. 7. 


in potential over the whole of the discharge 
period it will be seen that the grid rises to a 
much lower potential and remains practically 
constant until the anode potential decreases 
when it is thrown negative. The fact that the 
grid remains at a constant potential is due to the 
fact that grid current sets in, so limiting any 
further increase in potential. The grid recovers 
from its negative potential during the charging 
period and returns to a uniform value well 
before this is completed. 

Fig. 7 shows the effect of having a large time 
constant in the discharge circuit. It will be 
noticed that the anode does not return to a 
steady value until the charging period is nearly 
complete. At the same time the grid potential 
continues to fall over the whole of the charging 
period, and it is this potential fall (just as much 
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as the potential rise of the second grid) which 
determines the instant of discharge. 


Finally, in Fig. 8, is shown the type of wave- 
form obtained when using the circuit shown in 
Fig. 5. The rate of charging is not perfectly 
linear but, in this case, the amplitude was 
increased beyond the normal in order to obtain 
a good deflection for the photograph. In this 
particular case also the applied voltage was 5(C0 
volts and the peak swing was approximately 
80 volts, and under these conditions a certain 
amount of departure from linearity is to be 
expected. The lower portion of the figure shows 
the form of the pulses applied to the first grid. 
The fact that the position of these pulses does 
not coincide exactly with the discharge periods 
is due to the fact that two separate exposures 


had to be made and some small displacement 
is almost inevitable. The fly-back time shown 
in this figure is not of very great rapidity. 
Experiments are continuing with a view to its 
improvement, but it is quite fast enough for 
normal reception. Where an extremely rapid 
fly-back is required, the circuit shown in Fig. 3 
is to be preferred. 


SUMMARY 

A relaxation oscillator using a single hard 
valve has been developed in which the positive 
impulses on the first grid necessary to effect a 
rapid discharge are derived from the flow of 
secondary electrons from the anode of the 
valve. Three modifications of the device are 
described, and its advantages and limitations 
discussed. 











HE growing congestion in the ether 
stresses more and more the necessity 
for the fullest possible utilization of 
available communication channels, and is lead- 
ing to continual tightening by international 
agreement of the performance requirements of 
commercial radio transmitters. 
The essential requirements for modern 
medium power commercial transmitters may 
be summarized as follows :— 


New “Spot Wave” Series of Commercial Radio Transmitters 


(a) Operation on specific allocated wave- 
lengths rather than on any wavelength selected 
by the operator within the band available. 

This was accepted at the International Tele- 
communication Conferences at Cairo in 1938 
as a modern development rendered possible by 
the application of crystal control, and was 
specifically endorsed in the case of airport 
stations by the International Commission for 
Air Navigation (C.I.N.A.) which at the Paris 





E.L.1. Transmitter (Front View). 
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Transmitter (Front View with Panels removed). 
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TABLE I. 
Power Delivered into 
Trans- | Antenna Circuit. Watts | Inclusion or | Number Dimensions of | 
mitter Frequency Namber ot |————__ —1| otherwise of of each Cabinet | 
Code Range in Spot C.W. | Telephone | Power | Cabinet in centimetres | 
| Number Kilocycles | Frequencies | Telegraph | and M.C.W.| Equipment | Units Se ee 
Carrier Height |Width |Depth 
E.S.1 1 780-20 000 6 500 125 Included 1 220 | 81 | 57 
E.L.1 250-750* 5 500 125 Included 1 220 81 57 
+E.S.2 1 780-20 000 6 400 400 Not included 1 220 81 57 
| tE.L.2 250-750* 5 400 400 Not included 1 220 | 81 57 
E.S.M.1 | 1 780-20 000 6 500 125 Not included ] 186 81 57 
E.L.M.1 100-750 > 500 125 Not included 1 186 81 57 
E.S.3 1 780-20 000 6 600 300 Included 2 2290 | 81 | 57 | 
E.S.4 1 780-20 000 6 1 000 400 Included 2 220 81 57 
E.L.A4 250-750* 5 1 500 375 Included 2 220 81 57 | 
* Frequency range can be extended to 100-750 kc/s by the addition of an external antenna loading coil unit. 


t+ Power equipment may be a rectifier unit (as used in E.S.1 and E.L.1 Transmitters), mounted in unit 61 cm 


high, 81 cm wide and 57 cm deep. 


Conference in November, 1938, laid down the 
actual operating frequencies for all the various 
types of airport ground transmissions. 


(6) High degree of frequency stability and 
tolerance, presupposing crystal control and 
necessary to meet the new Cairo regulation. 


(c) Rapid wave change between traffic 
channels and between wavebands to take care 
of changes in propagation conditions. 


(d) Complete remote control, including wave 
changing, which for economic reasons must be 
done by the minimum number of wires. This 
is particularly important for airport stations. 


Further characteristics which may be regarded 
as essential features of a modern design are :— 


(e) At least four, preferably more, spot wave- 
lengths. 


(f) These should be easily changeable, and 
each spot wavelength should be adjustable with- 
out affecting the others. 


(g) Machines should be eliminated where an 
A.C. supply is available. 

With all the above requirements in mind, 
Standard Telephones and Cables, Limited, 


London, planned the development of a new 


series of transmitters of varying powers, for 
both short and long wave operation, to replace 
the older ““M” type equipments. 

The members of the new series are known as 
“E” type transmitters, and the development 
has included some nine equipments, five in the 
short wave 15-170 metre band (1 780 to 20 000 
kilocycles), and four in the medium/long wave 
400-3 000 metre band (100 to 750 kilocycles). 
The power range is from 400-1500 watts on 
telegraphy and from 125-400 watts on telephony. 
Table I lists the models now available. 

All the sets are built on the unit system, with 
each equipment sub-divided, according to 
function, into removable units mounting in 
standardized steel cabinets having outside 
dimensions of 81 cm width and 57 cm depth. 
This sub-division minimizes development effort 
by enabling many units to be common to two 
or more of the series, and thus establishes a 
continuity of technique which simplifies opera- 
tion problems. It also assists in standardization 
with corresponding ease of manufacture and 
reduction in the number of spares required for 
a large project. At the same time, the building 
of the transmitters as an assembly of units, each 
having a definite function and interchangeably 
mounted in a standardized frame, gives a degree 











of flexibility of design not obtainable by other 
methods. 

The new equipments are frequently referred 
to as “spot wave ”’ sets, since they may be set 
up for a number of predetermined wavelengths 
(up to six in the short wave band, and up to 
five in the medium/long wave band), which 
may be selected either at the transmitter or at 
a remote controlling point by a single operation. 

Each channel has a separate master oscillator 
and entirely separate tuning circuits (except in 
the long wave transmitters where there are 
separate tappings and individual variometer 
adjustments), and each spot wave can therefore 
easily be readjusted without affecting the 
others. 

Electrically operated contactors are used for 
wavelength selection. ‘This system has been 
chosen in preference to mechanically linked 
switches on account of the greater flexibility 
which it offers and of the much greater ease in 
initial installation and maintenance. 

Crystal control is an essential feature but 
provision is made for valve oscillator control 
for emergency use or when the final operating 
frequencies have not yet been allocated. 

The majority of this series of transmitters 
have self-contained power equipment for opera- 
tion from alternating current mains, using 
H.C.M.V. valve rectifiers. They can, however, 
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be supplied with machines to work from a D.C. 
supply where necessary, e.g., when required for 
marine use. 

The transmitters may be controlled either 
locally or remotely. The local control system 
operates by direct connection between a control 
unit and the transmitter, using some twenty 
inter-connecting wires. With this system the 
operator may (a) select the system of trans- 
mission, CW, MCW or phone, (4) select the 
operating frequency, (c) switch the supplies 
“ON” and “OFF” and (d) key or modulate the 
transmitter. The above operations may be 
performed from a distance not greater than 
100 yards. 

The remote control system functions over 
two telephone pairs, and enables the equipment 
to be controlled from distances as great as 
25 miles. In addition to performing the same 
operations as the short distance control system, 
check back facilities and an order wire service 
are included. ‘Telephone dial control is used, 
embodying the latest technique and safeguards 
of supervisory remote control systems. 

The new equipments possess advantages of 
transmission quality, ease of operation and 
control, minimum maintenance and _ general 
flexibility, which may well be regarded as setting 
up a new standard in commercial transmitter 
design. 











Rectifier Power Plant for Transmission Systems 


By R. KELLY, B.Sc., A.R.C.Sc.I., 
Standard Telephones and Cables, Limited, London, England 


Epitor’s Note.—Azn article on ‘““Some Industrial Applications of Selenium Rectifiers’ was published 


in the April, 1939, issue of this Fournal. 


The present article describes the Selenium Rectifier Power Plant 


which has been developed for use in Communication Transmission Systems, particularly at Carrier Terminals 


and in unattended Repeater Stations. 


T carrier terminals and repeater stations, 
steady and reliable supplies of filament 
and plate voltage for amplifiers and 

oscillators are required, and for many years it 
has been apfarent that dry rectifier equipment, 
operated from alternating current mains would 
be an attractive alternative tc constantly running 
motor-generator sets. The development of 
dry rectifiers of reasonable size, i.e., of the 
selenium type, and of reliable electrolytic con- 
densers for smoothing out the large ripple 
voltages associated therewith, has made these 
rectifiers suitable for application in practically 
all types of communication transmission systems. 


VOLTAGE REGULATION 


To ensure the best performance and longest 
life of the valves used in Transmission Systems, 
the voltages supplied to them must be main- 
tained within about one per cent. of the nominal 
values ; and, to obtain this close control, it is 
necessary to take into account the fluctuations 
to be expected in the mains supply and the 
inherent regulation of the rectifying equipment 
over a wide range of load currents. 

In the mains supply, experience shows that 
in some countries variations of + 10 per cent. 
of the nominal voltage are to be expected, and 
the load voltage delivered by a dry rectifier is 
roughly proportional to the applied alternating 
current voltage. The resistance of a dry 
rectifier in the conducting direction decreases 
as the current increases but, even so, the 
inherent voltage regulat'on from no load to 
full load is of the order of 15 per cent. for a 
- single-phase rectifier. Moreover, for the satis- 
factory operation of communication systems, 
the rectifier ripple voltage must be smoothed to 
a very small fraction of the load voltage. 
Smoothing is accomplished by means of series 
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choke coils and shunt condensers ; but, since 
the size and cost of choke coils increase very 
rapidly as their resistance decreases, it is not 
economical to provide a smoothing circuit 
having a voltage regulation from no load to full 
load of less than about 4 per cent. 

The integrated effect of these variables, 
assuming limiting values for the mains voltage, 
is such that the load voltage would vary over a 
range of about 40 per cent. if no voltage control 
were provided. 

In the past, control has been achieved by the 
use of resistances in series with the load, but 
with this method the widely varying conditions 
encountered involve considerable power loss 
and, consequently, low efficiency over a large 
part of the range. Furthermore, when planning 
power equipment it is usual to allow for future 
load extensions; thus this low efficiency, 
which obtains at loads less than 100 per cent. of 
full load and at mains voltages above the 
minimum, means that the power equipment 
must be operated during a large part of its life 
under uneconomical conditions. A typical value 
for the efficiency of a power unit having 
dissipative control is 50 per cent. at full load, 
decreasing as the load decreases, and varying 
with fluctuations of the mains voltage. 

An alternative to purely dissipative control is 
a combination of the latter with adjustment by 
coarse tappings on the mains transformer, using 
contactors or commutators with special locating 
devices. While tending to improve the efficiency 
on low load, this method is both expensive and 
cumbersome. 


EQUIPMENT WITH NON-DISSIPATIVE 
CONTROL 

To overcome the disadvantages of dissipative 
control, a new type of automatically controlled 








equipment operating from 3-phase, 50 p:s 
mains has been developed. It was initially 
designed to meet the requirements of 12-channel 
carrier systems, but it is now used in all types 
of communication transmission systems. 

Separate rectifier equipments are used for 
filament and plate supplies. The output 
voltages are maintained constant within + 
1 per cent. of 21.7 volts and 130 volts, respec- 
tively, and the rectifier units operate with high 
overall efficiency under varying conditions of 
load and mains supply voltages. 

Each rectifier unit consists essentially of a 
regulating transformer, the rectifier proper, and 
its associated smoothing circuit. The secondary 
voltage of the transformer is regulated by means 
of automatic control gear operated under the 
control of a sensitive “‘high-low”’ voltage relay 
connected across the output terminals of the 
unit. Since control is initiated from the D.C. 














Output 150 A, 
+ 1%—all covers fitted. 


Fig. ———— _o _ Rectifier Unit : 
os 
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output, this type of regulation automatically 
compensates for fluctuations in the mains 
voltage and load. 

Normally, a standby supply for each rectifier 
unit is provided by an oil engine generator set 
which furnishes the necessary power via the 
filter circuit in the unit, should the rectifier shut 
down. A small floating battery—10 cells for 
the L.T. unit, and 60 cells for the H.T. unit— 
remains connected across the output of each 
rectifier unit to supply the load during the time 
that the engine takes to start and run up to 
speed. This battery also assists in smoothing 
and in damping out small fluctuations. 


CONSTRUCTION 

Each rectifier unit is mounted in a cubicle 
comprising an angle-iron framework having a 
sheet steel front panel upon which the control 
apparatus is mounted, the sides, back and top 








— Front View of Rectifier Unit : Output 150 A, 
21.7 V + 1%—all covers removed. 
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Fig. 3—Rear View of Rectifier Unit : Output 150 A, 
21.7 V + 1%—all covers removed. 


being protected by perforated sheet steel. The 
accompanying illustrations show views of a 
150 amp., 21.7 volt filament supply unit. The 
plate supply unit, which delivers 7 amps. at 
130 volts, is similar in appearance, and of the 
same width and height, the chief differences 
between the two types of unit being dictated by 
the power handling capacity of the component 
parts. 


FRONT PANELS 
With the exception of certain resistances, the 
front panels of the L.T. and H.T. units are 
identical, and carry the following components : 
(1) Main control switch ; 
(2) Three-pole mains contactor ; 
(3) “High-Low” voltage relay ; 
(4) ‘Transformer control apparatus ; 
(5) Phase failure relay ; 


(6) Indicator and alarm lamps ; 
(7) Auxiliary fuses. 

The mains contactor is fitted with one over- 
load trip per phase and an overload trip for the 
D.C. output of the unit ; these trips are of the 
dashpot type and are adjustable. 

The control apparatus for the variable trans- 
former includes a time delay relay for shutting 
down the equipment should the control gear 
fail to correct the voltage within a specific period. 


MAIN EQUIPMENT 


The variable transformer, rectifier and filter 
circuit are housed within the cubicle. 

The transformer is double-wound, star-delta 
connected, with an earthed shield between the 
primary and secondary windings, the output 
voltage being continuously variable over a very 
wide range by means of a large number of 
tappings on the primary windings. The trans- 
former is oil-cooled and mounted in a steel 
tank together with the brushgear. On the out- 
side of the tank is mounted a control panel 
carrying the brushgear motor with its associated 
clutch mechanism, and “high-low” contacts 
which prevent the control gear from over- 
running in either direction. 

The rectifier is a 3-phase, bridge-connected, 
air-cooled, selenium type dry rectifier. No fan 
is employed to cool the rectifier, so that the 
possibility of fan failure and increased running 
costs at light loads are obviated. 

The smoothing circuit is a two-stage filter of 
conventional design, employing chokes and dry 
electrolytic condensers. The ripple voltages at 
full load do not exceed the following figures, 
when measured by means of a psophometer 
with a C.C.I.F. telephone weighting network, 
and with the floating battery connected :— 

Filament or L.T. unit .. 0.6 mV. 
Plate or H.T. unit -« BO mV, 

A smaller transformer and rectifier, also 
mounted within the cubicle, supply the power 
for the control gear. 


AUTOMATIC VOLTAGE CONTROL 


The output voltage of the rectifier unit is 
controlled by a sensitive but robust moving-coil 
“high-low” relay, so adjusted that its contact 
arm floats when the output voltage lies within 
+ 1 per cent. of the normal value. An increase 
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or decrease in voltage beyond the allowable 
limits causes the relay to make either its “high” 
or “low” voltage contact. Either of these 
contacts when made operates a pilot relay which 
in turn controls a magnetic clutch connecting 
the motor to the brushgear, and at the same 
time closes the motor circuit. Thus the brush- 
gear is driven in the direction required for 
restoring the output voltage to normal. 

When the contact arm of the “high-low” 
relay is again floating, the pilot relay is de- 
energized, thereby releasing the clutch and 
applying a brake which stops the revolving 
brushgear immediately; the motor is also 
switched off and brought to rest by means of a 
friction brake. 

In the “high-low” relay circuit, a novel 
feature has been introduced to prevent chatter- 
ing of the contacts, and to restore the contact 
arm to the mid-position upon correction of the 
load voltage. When contact is made on the 
“high” side, the operation of a relay reduces 
the amount of resistance in the circuit of the 
“high-low” relay winding; this causes an 
increased current to flow through the winding, 
thereby producing an improved contact. When 
contact is broken, the resistance is increased, 
thereby reducing the current flow and causing 
the contact arm to return to the mid-position. 
On the “low” side, the resistance is increased 
when contact is made and decreased when 
contact is broken. 


ALARM AND STANDBY CIRCUITS 


In the event of mains or phase failure, the 
rectifier unit immediately shuts down, a non- 
urgent alarm is given, and a circuit is completed 
for the automatic starting of the standby engine 
generator set which, besides supplying the load, 
recharges a small starting battery. When the 
mains supply has been restored to normal, the 
brushgear is driven to the position of minimum 
output and the starting battery is completely 
recharged before the mains contactor can be 
reclosed. ‘Thus whe. the unit is again switched 
on, excessive output cannot occur, and the 
possibility of an overload trip which might shut 
down the unit completely is avoided. 

Failure in any component part of the rectifier 
unit, such as the variable transformer, control 
motor, “high-low” relay, or an overload trip, 
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completes an urgent alarm circuit and shuts 
down the unit; the latter cannot be put back 
into service until a push button key has been 
operated. An urgent alarm is also given in the 
event of a condenser failure. 

The: localization of faults is facilitated by 
alarm lamps mounted on the front panel. 


EFFICIENCY 


The overall efficiency of these rectifier units 
from the 3-phase supply to the smoothed output 
at full load and at half load is greater than 
70 per cent., and is practically independent of 
variations in supply voltage, the efficiency at 
half load being higher than at full load. The 
power factor is in excess of 0.9. 


ALTERNATIVE TYPES OF EQUIPMENT 


As an alternative to the standby engine 
generator set, these rectifier units may be 
operated in conjunction with a wide variety of 
auxiliary apparatus, depending on local con- 
ditions and on the requirements of the particular 
system with which they are to be used. 

For example, in place of the engine generator 
set, a standby battery—12 cells for L.T. supply, 
or 72 cells for H.T. supply—and an auxiliary 
rectifier unit can be provided. In the event of 
failure of the normal supply, the standby 
battery is automatically connected via an 
automatic regulating resistance, and continues 
to float the small battery and supply the load. 
Upon restoration of the normal supply, the 
change-over switch does not operate until a 
certain predetermined voltage on open circuit 
is obtained at the output of the regular rectifier 
unit, corresponding to the correct voltage at 
normal load. The auxiliary rectifier unit auto- 
matically recharges the standby battery, and 
serves as a standby for the transformer and 
rectifier in the regular unit. 

Another type of equipment comprises a 
rectifier unit and large floating battery capable 
of supplying the load when necessary. The 
battery is automatically charged while floating, 
and an automatic regulator associated with the 
battery maintains the load voltage within the 
prescribed limits. 

Where floating batteries are equipped, there 
is no break in the supply to the load during 
change-over from the rectifier unit to the 
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standby apparatus. Change-over to a standby 
engine generator set takes place in 10 seconds 
so that, for systems in which an interruption of 
this order can be tolerated, equipments can be 
supplied without floating batteries. 


ADVANTAGES 


The main advantages to be derived from the 
use of these equipments are summarized below : 


(1) 


(2) 


(4) 


The overall efficiency under all con- 
ditions of load and mains voltage is 
relatively very high and is independent 
of mains variation. Moreover, the effi- 
ciency at half load is greater than at full 
load. 

The heat developed is exceptionally low 
inasmuch as regulation is not carried out 
by heat dissipation, so that the equip- 
ment can be mounted in a more confined 
space. 

The rating of the rectifiers is limited to 
the power required to feed the load and 
is not increased by any considerations 
which, as with dissipative control, might 
be involved if the control device were 
located between the rectifier and the load. 
In some cases, the latter arrangement 
might cause an increase in the rating of 
nearly 50 per cent. 

The effective load range is unlimited, 


Co) 


(6) 


whereas the resistance range of a dissi- 
pative regulator must be limited for 
purely economic reasons. It is possible 
to cover mains variations of + 10 per 
cent., and load variations from full to no 
load, even when allowance is made for 
ageing of the rectifiers. 

The impedance of the circuit is lower 
than in an equipment having a similar 
smoothing circuit but employing a dissi- 
pative regulator mounted in the smooth- 
ing circuit. This is important in the case 
of telegraph equipments. 

Above a certain rating the initial cost of 
the rectifier unit falls rapidly below that 
of a unit employing dissipative regula- 
tion, since the cost of the control circuit 
remains constant—the only variables 
being the transformer, rectifier and 
smoothing circuit. 

In ail circumstances, the rectifier units 
start up with a low load voltage which 
increases to the correct value, thus pre- 
venting damage to valve filaments, etc. 
Furthermore, large surge currents due to 
the charging of condensers and the excess 
load taken by cold filaments are obviated, 
and there is therefore no need to provide 
extra protection on the fuses or circuit 
breakers. 
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Tie Line Problems 


in P.A.B.X. Design 


By R. T. RINGKJOB, 


Bell Telephone Manufacturing Co., Antwerp, Belgium 


1. INTRODUCTION 
1.1 General 
URING approximately the past five 
years the demand for private telephone 
installations has increased conspicu- 
ously, due largely to improvements in the 
facilities incorporated therein and in the per- 
formance achieved by such equipments. 

The efficiency of the P.A.B.X. operator has 
been more than doubled by the design of high 
speed, super-service key sending positions, 
which enable the operator to extend incoming 
city calls without delay, whilst retaining com- 
plete supervision of the progress of the con- 
nection. 

A facility that has proved highly useful to 
P.A.B.X. subscribers is that of making internal 
information calls on established city connections 
whilst the city party waits. Eventually, the city 
party may be transferred to any other P.A.B.X. 
station. Unprecedented rapidity and flexibility 
are thus achieved. 

Special services now available are quite 
impressive, and include such important facilities 
as code calling, conference calls, priority, 
executives’ rapid call senders, watchman’s round 
control, fire call service, supervisory sets, etc. 
The utilization of these auxiliary services is 
becoming more and more common. 

With improved switching technique, it has 
become possible to group scattered offices or 
plants into separate, private P.A.B.X. networks 
with full automatic intercommunication. 

This phase of P.A.B.X. development has 
evoked considerable interest, as is evidenced by 
many inquiries from the field relating to the 
interworking of new or existing installations. 
It was felt, consequently, that a discussion of 
some of the most frequently encountered 
P.A.B.X. interworking problems might be 


useful. The purpose of this article is, therefore, 
mainly informative. 
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1.2 Definition of a Tie Line 

A tie line is generally understood to be a 
direct connection between two private telephone 
exchanges, whereas a direct connection between 
a P.B.X. and a city exchange or toll office is 
referred to as a junction (English usage) or 
trunk (American usage). 

From an operating viewpoint, this distinction 
is sufficiently well defined to avoid confusion. 
From a design viewpoint, a tie line is a connec- 
tion on which the setting of a selector at one end 
is controlled by impulses received from the 
other end whereas, on a junction connection, 
the selector at the P.A.B.X. end is set by 
indications from the local P.A.B.X. attendant. 

It sometimes happens that a customer desires 
all incoming tie line calls to be handled by an 
attendant. In such cases the tie line may be 
provided with regular junction circuits, junction 
operating methods being employed. 

Junctions may utilize two or three wires 
between exchanges. ‘Tie lines invariably require 
only two. All types of tie lines are arranged for 
two-way working. 

1.3 Types of Tie Lines 

For the present purpose it is convenient to 
classify the various types of tie lines under the 
following headings : 

Tie lines between two automatic P.B.X.’s ; 
Tie lines between an automatic and a 
manual P.B.X. ; 
Tie lines with 50-cycle signalling ; 
Tie lines interconnecting a group of 
P.A.B.X.’s ; 
Special tie lines. 
Before outlining the principles underlying the 
design of the various types, the fundamental 
problems of tie line working will be briefly 
considered. 


2. INTERWORKING PROBLEMS 
The questions that require consideration when 
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designing a tie line may be summarized as 
follows : 


(a) Seizure of Tie Line 

A calling P.A.B.X. station must be able to 
connect itself to a free tie line, either auto- 
matically or with the aid of an attendant. 

The fact that a tie line is connected must be 
indicated. A second dialling tone from the 
distant end is usually employed. 


(6) Transmission of Dial Impulses 


After seizure of a tie line, the P.A.B.X. station 
(or the attendant) must be able to select a distant 
party by dialling that party’s regular number. 


(c) Conversation 


On a tie line connection the normal subset 
efficiency of the two P.A.B.X. parties should be 
maintained independently of the length or other 
characteristics of the tie line. It is, con- 
sequently, preferable to provide for local 
transmitter feeding at each end of the tie line. 

The local feeding bridge also serves the 
purpose of retransmitting the dial impulses. 
This retransmission is necessary in practice due 
to the fact that every stepping arrangement has 
a maximum limit for the tie line resistance. If 
a calling P.A.B.X. station were given metallic 
through connection to the distant end, the 
maximum permissible value of the resistance of 
the station line plus the tie line would be 
determined by the operating margins of the 
distant end stepping relay, and could in general 
not be made greater than the maximum station 
line resistance. Such an arrangement, obviously, 
would operate satisfactorily only on very short 
tie lines, and would consequently be of limited 
practical utility. 

It can safely be said that the combined 
supervisory (transmitter feeding) and stepping 
(impulse repeating) bridge is now an essential 
feature in tie line design. 


(d) Release 


After conversation all circuits must be 
released when the two parties have hung up. 

If the tie line connection be established by an 
operator, the termination of a call must be 
signalled to her so that she can release the 
connection manually. 





ELECTRICAL COMMUNICATION 


(e) Control from Distant End - 


It will, of course, sometimes happen on an 
automatic tie line connection that the calling or 
called station hangs up with a certain delay. 
This may result in inconvenience unless special 
precautions are taken. 

Let us assume that the calling party at 
P.A.B.X. “A” hangs up first. If the tie line 
circuit at ““A”’ were released immediately, another 
station at “A,” making a tie line call at that 
moment, might seize it and might find another 
person on the line. A similar condition might 
apply if the called party, by hanging up first, 
immediately freed his end of the tie line. 

In order to avoid the confusion that might 
arise from such occurrences, the circuits must 
be arranged for simultaneous release at both 
ends. This means that reciprocal control must 
be provided between the two ends of a tie line, 
ensuring the holding of either end until the other 
is freed. 

The application of the above requisites to 
practical cases will now be described in some 
detail. 


3. TIE LINES BETWEEN TWO AUTO- 
MATIC P.B.X’S 


3.1 Introduction 


At first sight it might appear that the easiest 
way to provide intercommunication between 
two P.A.B.X.’s would be to connect a tie line 
as a subscriber’s line at each end. A regular 
sukstation number would be assigned for this 
service, and a local link would always be en- 
gaged on both outgoing and incoming tie line 
calls. 

Such a scheme would solve problems of 
seizure, conversation, release and control from 
the distant end without modification of the local 
link circuits. The retransmission of dial 
impulses, however, would involve rather serious 
difficulties. 

A standard P.A.B.X. link is not arranged for 
such retransmission of impulses. It would, 


therefore, be necessary to provide means for 
metallic through-connection in the link when- 
ever a tie line number is dialled, and the tie 
line circuit itself would contain the combined 
feeding and impulse repeating bridge together 
with the necessary supplementary relays. 

As an alternative, the standard link might be 
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Fig. 1—Simple Tie Line—JFunction Diagram. 
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arranged for retransmission of impulses. The 
tie line circuit then would only include certain 
accessory relays. 

Such modifications in the local link would, 
obviously, only be operative on outgoing calls. 
At the incoming end the link would receive the 
retransmitted dial impulses the same as from a 
local subscriber; thus, no difficulties would 
arise. 

The provision of metallic through-connection 
or retransmission of impulses in the local link 
would require at least two or three relays per 
link. Although these relays would only be 
furnished when required, space and wiring 
would have to be foreseen for all links. It would 
be necessary also to arrange the local link for 
one additional single digit call (per tie line 
direction) with group hunting facilities over the 
tie lines. These modifications would, however, 
necessarily result in an undesirable increase in 
the cost of a standard P.A.B.X. 

Another disadvantage of using a local link 
for outgoing tie line service would be a reduc- 
tion in the total subscribers’ line capacity. If, 
for instance, a regular 50-line P.A.B.X. were 
equipped with 5 tie lines, only 45 substations 
could be connected. 

Because of considerations of economy and 
standardization it has been deemed advisable 
to abandon any switching scheme based on 
engaging a link on outgoing tie line calls. The 
only other practical alternative is to terminate 


the tie line in a separate switch at each end, the 


arc of the switch being multipled to the 
subscribers’ lines. Thus the tie line may be 
seized by any station for outgoing calls. 

Incoming calls, in any case, may be handled 
over the local link provided the tie line resistance 
does not exceed a specific value which, for 
24-volt P.A.B.X.’s, is about 500 Q. This is 
the maximum resistance which permits the 
link stepping relay to function satisfactorily. If 
the tie line resistance be above 500 Q, a separate 
selective device must be provided in the tie 
line itself. 

The above considerations have led to the 
adoption of two types of tie line between 
automatic P.B.X.’s, the “simple’’ and the “‘self- 
contained”’ tie lines, respectively. 


3.2 Simple Tie Line 


The simple tie line utilizes a local link for 
incoming calls. It does not, consequently, 
include any selective device. 

At each end the tie line is forked, one branch 
ending in the tie line finder used for outgoing 
calls, and the other branch terminating on the 
arc of the local link finders as a regular sub- 
scriber’s line. The complete substation multiple 
is connected to the tie line finder arc. Since the 
link line finder arc may be of a larger capacity 
than the selector arc, the connection of simple 
tie lines does not necessarily reduce the capacity 
of the P.A.B.X. 

The junction diagram of a simple tie line 
network and the working principle of the circuits 
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are shown in Figs. 1 and 2, respectively. On 
the basis of these sketches the switching pro- 
cedure will be briefly explained. 


(a) Seizure of Tie Line 

The P.A.B.X. substation removes the handset, 
receives dialling tone from the local link and 
dials the digit assigned for tie line calls, say “8.” 
This causes a free tie line finder to hunt for and 
pick up the calling line, whereafter the link, 
which was temporarily engaged, is released. 

The substation is now connected to the 
instepping relay Jr of the tie line (Fig. 2). 
Eventually relays Dr, Cor and Cr operate ; 
and, through the back contacts of Ar, battery is 
connected to the “a” wire and ground to the 
“b” wire. 

This results in the energization of the high 
resistance line relay, Br, of the tie line at the 
distant end and causes a free local link finder to 
search for the tie line, after which relay Cor 
operates, disconnecting the line relay. The 
distant link supervisory relay is now energized 
from battery and ground at the originating end, 
and a dialling tone is sent back to the calling 
party, indicating that dialling may start. 
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(6) Transmission of Dialling Impulses 


The dial impulses are received on relay Ir, 
and retransmitted by relay Ar to the distant 
link’s supervisory relay. 

It will be seen that several factors influence 
the impulse transmission. On a regular sub- 
scriber’s line this influence is confined to the 
following variables : calling station’s dial speed, 
length of subscriber’s line, voltage of P.A.B.X. 
power supply and adjustment of the stepping 
relay. 

In addition, the simple tie line scheme 
includes the following possible variations : 
adjustment of relays Ir and Ar, length of tie 
line and difference of ground potential between 
the two P.A.B.X.’s. All may occur in any com- 
bination so that it would be practically im- 
possible to avoid serious distortion of the dial 
impulses without eliminating some of the 
variables. 

A ready means of improving conditions is 
illustrated by the provision of the arrangement 
of Fig. 2. The distant link supervisory relay is 
not operated over a loop, each winding being in 
an independent circuit via the back contact of 
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Fig. 2—Simple Tie Line—Switching Principle. 
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Fig. 3—Self-contained Tie Line—Function Diagram. 


relay Ar. The influence of ground potential 
variations is thus eliminated. 

The compensating resistances added in the 
circuit are adjusted once and for all so as to 
make the total tie line loop resistance approxi- 
mately 500 Q. Differences in tie line resistance 
are consequently overcome. 

Due to the fact that the distant link’s super- 
visory relay has an independent circuit for each 
winding, it would be theoretically possible to 
make the tie line resistance double that of the 
station line resistance. If the latter loop is 
500 Q the tie line should work with 500 Q in 
each wire, or with a total of 1000 Q. Because 
of the retardation coils in series with the com- 
pensating resistances, and the distortion caused 
by the retransmission of impulses, it is, however, 
not possible in practice to guarantee more than 
500 Q tie line loop resistance in 24-volt systems. 


(c) Conversation 


The talking paths are shown in heavy lines in 
Fig. 2. It will be seen that the tie line intro- 
duces an additional bridge with about the same 
transmission loss as a local link. 


(d) Release 


Generally considered, a local P.A.B.X. link 
works on the principle of “front release,”’ i.e., 
the originating party controls the connection. 
When he hangs up, the circuits are released and 
both parties are freed. If the called party hangs 
up first, nothing happens, and his line remains 
engaged. 

Since the simple tie line makes use of a link 
on an incoming call, it follows that the originat- 
ing party controls the connections at both ends. 
This tie line is, therefore, also subject to ‘front 
release.” 
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Fig. 4—Self-contained Tie Line—Switching Principle. 
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(e) Control from Distant End 


Since a simple tie line connection is held at 
both ends until the originating party hangs up, 
no special measures are required to prevent 
wrong connections. 


(f) Scope 


The use of a simple tie line is recommended 
where the tie line resistance is within the per- 
missible limits and where the number of tie 
lines is not sufficiently great for the traffic volume 
to influence the number of local links. 


3.3 Self-contained Tie Lines 


The characteristic of this type of tie line is 
that it does not make use of a local link on either 
outgoing or incoming calls, the necessary 
selective mechanisms being included at each 
end of the tie line. The tie line finder has a 
dual function ; i.e., on outgoing calls it acts as 
a line finder and, on incoming calls, as a selector. 
Since this type of tie line is independent of a 
local link, it is termed a “‘self-contained”’ tie 
line. 

Fig. 3 illustrates a typical junction diagram 
and Fig. 4 the working principles of the circuit. 
The switching procedure is as follows : 

(a) Seizure 

The P.A.B.X. station removes the handset, 
receives dialling tone from the local link and 
dials the digit assigned for tie line calls, say, 
«ug? 

This causes a free tie line finder to hunt for 
and pick up the calling line, whereupon the 
link, which was temporarily engaged, is released. 

The substation is now connected to the super- 
visory relays Asr and Bsr. Relay Cor is already 
energized. Relay Asr closes the loop for the 
distant end instepping relay Isr, which energizes 
and prepares the circuit for the reception of dial 
impulses. A dialling tone is sent back to the 
calling station. 


(6) Transmission of Dial Impulses 


The dial impulses are retransmitted via a 
front contact of Asr and received on relay Isr, 
which retransmits them to the digit receiving 
switch or other selective mechanism. 

At the first interruption of each digit the 
circuit conditions are changed, a direct ground 
being connected to the “a’”’ wire and a non- 


inductive resistance with battery to the “b” 
Wire, as indicated in dotted lines on Fig. 4. 
All inductance is consequently removed from 
the dialling loop during dialling in order to 
improve the stepping conditions. 

This stepping arrangement operates satis- 
factorily over tie line loops up to 800 Q 
resistance on 24-volt systems. 


(c) Conversation 


Both instepping relays are disconnected 
during conversation. The circuit conditions 
are exactly the same at both ends so there is no 
discrimination between outgoing and incoming 
calls. 


(d) Release 


Conditions at both ends being the same, it is 
logical to arrange for “last party release,”’ i.e., 
the circuits at both ends are held busy until the 
last party hangs up. 


(e) Control from Distant End 


The “last party release” implies a reciprocal 
control of the two ends of the circuit. This 
control is established in the following way : 

Each end has a slow releasing relay Lbr which 
controls the release of the circuit. Relay Lor 
is kept energized by both Bsr and Csr, i.e., 
relays which are controlled by both the calling 
and the called parties. If, for instance, one 
station hangs up, its Bsr relay releases, but Lbr 
is kept energized by Csr, which receives battery 
from the “b” wire at the other end (coil Dsr) 
as long as the second party has not hung up. 
By reciprocal control, wrong connections are 
avoided. 


(f) Scope 

The self-contained tie line is recommended 
where the tie line resistance exceeds 500 Q 
and where the tie line traffic is so heavy that it 
would be necessary to increase the number of 
links if simple tie lines were used. 


4, TIE LINES BETWEEN AN AUTOMATIC 
AND A MANUAL P.B.X. 


4.1 Introduction 


A tie line between an automatic and a manual 
P.B.X. includes two distinct elements, i.e., the 
termination at the P.A.B.X. end, and the jack 
circuit at the manual board. 
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The design of the latter depends not only on 
the P.A.B.X. end tie line, but a'so on the type 
of manual switchboard and the features of the 
manual cord circuit. Consequently, numerous 
variables are encountered, involving a great 
many possible solutions. 

The following description will be limited to 
discussion of some typical cases frequently met 
with in practice. 


(a) Tie Line Termination at Automatic P.B.X. 


In principle a manual tie line may terminate 
at a P.A.B.X. in three different ways, viz., as a 
regular subscriber’s line, as a simple tie line or 
as a self-contained tie line. The choice of these 
alternatives depends on factors which will be 
explained in detail subsequently. 


(b) Fack Circuits on Manual Board 


A jack circuit must fulfil certain general con- 
ditions in order to operate satisfactorily with a 
distant automatic switchboard of any kind: 

(a) The seizure of a tie line at the distant 

end must result in the lighting of a lamp 
or the operation of a drop at the manual 
board. ‘This can be accomplished either 
by connecting battery and ground to the 
line, or by sending out ringing current. 
The jack circuit must consequently cater 
for one of these conditions. 

When the operator answers, the calling 
lamp must be extinguished and a loop 
must be. provided over the tie line in 
order to trip the ringing or close the 
distant end battery bridge. 

A clearing signal must be received by 
the manual operator. 

If the operator originates the tie line call, 
she must be able to dial the P.A.B.X. 
station number, since this is the main 
criterion for tie line operation. The dial 
may be connected over an individual 
dial key per tie line, or it may be inserted 
in the cord circuit by throwinga common 
dialling key. 


(c) Supervision 


The question of supervision has always 
presented certain difficulties in manual tie line 
operation. 

On local battery (magneto) manual switch- 


Fig. 5—Tie Line Termination on Local Battery Board. 


boards, where the clearing signal is given by 
means of ringing current, only one clearing drop 
is provided per cord (Fig. 5). Both stations 
can “ring off.” 

On tie line connections ring-down clearing 
signals from both sides can only exceptionally 
be provided. Usually only the manual P.B.X. 
station can “ring off” on a tie line connection. 

On central (common) battery boards, a 
clearing lamp is associated with each of the two 
plugs of the cord. These lamps are usually lit 
over the back contact of the respective super- 
visory relays to a ground connected to the 
sleeve of the subscriber’s jack (Fig. 6). On a 
station to station connection, double super- 
vision is consequently obtained. On a tie line 
connection, however, double supervision cannot 
be given except in particular cases, as explained 
hereinafter. 

The different types of tie lines are described 
below in some detail. 


4.2 Subscriber’s Line as Tie Line 


At the automatic P.B.X. the tie line terminates 
as a regular subscriber’s line. 
(a) Seizure 

The P.A.B.X. station dials the regular tie line 
number (1, 2 or 3 digits). The link sends out 
ringing current, which operates the line drop, 
LD, in the distant jack circuit (Fig. 5), if the 
board is of the magneto type, or the ringing 
relay, Rr, if the board is of the common battery 
type (Fig. 6). In the latter case, the ringing 
relay locks and lights the calling lamp CL. 


(b) Operator Answers 


When the operator inserts the plug, the drop 
is restored (or the calling lamp is extinguished), 
a retardation coil being bridged across the tie 
line in order to trip the ringing (Figs. 5 and 6). 

The operator establishes the connection with 
the wanted party in the usual way. 
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(c) Operator Originates a Tie Line Call 


The operator inserts the plug in the tie line 
jack, and, by closing the loop, originates a call 
in the P.A.B.X. When dialling tone is received, 
the operator throws the dial key and sends the 
wanted station’s regular number. 


(d) Supervision and Release 


On tie lines of this kind there are no practical 
means of obtaining clearing signal from the 
automatic P.B.X. party. 

If the operator originates the call, the 
P.A.B.X. link is held under control of the 
manual operator, due to the “front release” 
feature previously mentioned. If the called 
P.A.B.X. party hangs up first, his line is not 
freed, and no indication is given to the jack 
circuit. 


then be used, giving clearing signals from the 
P.A.B.X. end. 


(e) Control from Distant End 

On calls originated by the manual operator 
no control is necessary since the operator con- 
trols the release of the P.A.B.X. connection. 

On calls originated by a P.A.B.X. subscriber, 
the tie line is liberated from the time the calling 
party hangs up until a new link is picked up. 
During this interval no control is provided, and 
if the tie line should happen to be picked up by 
another P.A.B.X. subscriber during this period, 
the new call is liable to be lost unless the operator 
listens in before removing the plugs. 


(f) Scope 
This type of tie line is used when the tie line 
resistance is within the limits of a regular 





Fig. 6—Tie Line Termination on Common Battery Board. 


If a P.A.B.X. party originates the call, the 
link is freed when the calling party hangs up; 
but, since the jack circuit maintains a loop over 
the tie line, a new call is originated in the 
P.A.B.X. A free link is picked up and is kept 
engaged until the operator removes the plug. 

On a tie line, which terminates as a sub- 
scriber’s line at a P.A.B.X., only single super- 
vision can consequently be given. Subscribers 
at common battery boards, of course, retain the 
facility of calling in the operator by flashing the 
switchhook. 

It may happen that the manual operator has 
to extend calls from a distant P.A.B.X. via 
junctions to a central office of any type. If 
proper supervision is not given on such junc- 
tions, a P.A.B.X. subscriber’s line is unsuitable 
as a tie line. A self-contained circuit should 


P.A.B.X. subscriber’s line, and when one or a 
few tie lines are sufficient. If more than one 
tie line is required, they should be connected 
to a P.B.X. hunting group, if available. 


4.3 Self-contained Tie Line 

If the termination at the P.A.B.X. is made in 
the form of a self-contained tie line, a local link 
is not engaged on either outgoing or incoming 
calls. 


(a) Seizure 

The P.A.B.X. station dials the single digit 
assigned to the tie line and waits until the 
operator answers. 

When the self-contained tie line has been 
attached, ground is connected to the “a” wire 
and battery to the “‘b” wire (Fig. 4); relay Rr 
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Fig. 7—WSelf-contained Tie Line to Common Battery 
Board. 








in the jack circuit (Fig. 7) is operated. The 
calling relay CJr in turn becomes energized and 
lights the calling lamp CL. This sequence is 
typical of a jack circuit in a common battery 
switchboard. 

If the manual board is of the local battery 
type, the P.A.B.X. tie line must give a ring- 
down signal to operate the tie line drop. 
Accordingly, the self-contained tie line may be 
modified as shown in Fig. 8. When the tie line 
is picked up, the feeding relay Sr energizes and 
in turn operates the slow acting relays Ar and 
Lbr. In the meantime, the ringing relay Rr 
(fast operating, slow releasing) energizes and 
sends ringing current out on the line. The 
duration of this ringing impulse is sufficient to 
operate the drop in the jack circuit. 


(6) Operator Answers 


When the operator on a common battery 


P.B.X. plugs in, the lamp is extinguished, the 
stepping relay Isr operates, and the Osr relay is 
connected across the tie line. The line relay 
falls off, and the two slow acting relays Ar and 
Br become energized (Fig. 7). 

Plugging in on a local battery board has the 
effect of bridging the tie line by a retardation 
coil, thereby operating the distant end stepping 
relay S.r (Fig. 8). 


(c) Operator Originates a Call 

By inserting a plug in the tie line jack, the 
operator closes the tie line loop, which prepares 
the distant tie line for the reception of dial 
impulses. A dial tone is sent back to the 
operator, who throws the dial key and sends the 
wanted number. 

In the jack circuit of Fig. 7 the impulses are 
retransmitted by the stepping relay Jsr, whereas 
in Fig. 8 the impulses are received directly on 
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Fig. 8—Self-contained Tie Line to Local Battery Board. 
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relay S,r in the distant self-contained tie 


line. 


(d) Supervision and Release 


Fig. 7 illustrates a typical manual C.B. cord 
circuit with common transmission bridge as 
used, for instance, on the Bell Telephone 
No. 7551 switchboard. This cord is arranged 
to give metallic through-connection on junction 
and tie line calls by the operation of the Ter 
relay from a battery connected to the s!eeve of 
the tie line jack. 

Feeding on tie line calls is accomp‘ished from 
the jack circuit combined supervisory and 
stepping relay Isr. One of the cord supervisory 
relays Sr, is connected in the manual sub- 
scriber’s loop to give clearing signa’s to the 
operator. Clearing signals from the P.A.B.X. 
end are not provided. 

If the operator clears first, the Lusy lamp 
remains lit. 

If the P.A.B.X. party releases first, nothing 
happens, since the Osr relay is kept energized 
from ground on the “a” wire at the P.A.B.X. 
end. 

In the local battery tie line it is easy to provide 
for a short clearing signal from the P.A.B.X. 
end (Fig. 8). If the P.A.B.X. party hangs up 
first, relay S,r falls off ard the Rr relay operates 
before the front contact of Aris opened. 


(e) Control from the Distant End 


The self-contained tie lines shown in Figs. 7 
and 8 are both arranged for control from the 
distant end, i.e., if the P.A.B.X. station releases 
first, no other P.A.B.X. party can pick up the 
tie line before the operator has c'eared the 
connection. In Fig. 7, relay Osr establishes this 
control in connection with relay Csr in Fig. 4. 
In Fig. 8, the S,r relay maintains the P.A.B.X. 
end engaged until the operator removes the plug. 


(f) Scope 


The self-contained tie line is used when the 
tie line resistance exceeds the maximum per- 
missible resistance of a subscriber’s line, and 
also if a plurality of tie lines, due te heavy 
traffic, is required. 


4.4 Simple Tie Line 


The justification for the design of a simple 
tie line between two automatic P.B.X.’s has 


been indicated previously. It will be recalled 
that the simple tie line is provided with an 
impulse retransmitting arrangement, due to the 
difficulty of giving this facility in the local link 
circuit. 

On tie lines to manual boards there is no need 
for such a retransmitting arrangement at the 
P.A.B.X. end. The simple tie line thus has 
very little scope in connection with manual 
P.B.X.’s and is very seldom used. 

A regular subscriber’s line, as described in 
section 4.2, can in most cases replace the simple 
tie line. An adapter circuit for long lines may 
eventually be added in case the tie line resistance 
should exceed the maximum permissible sub- 
station loop, thereby allowing the use of tie lines 
up to 900 Q (24-voit systems). 


4.5 Long Manual Tie Lines 


It sometimes happens that a P.A.B.X. is 
connected to a distant manual P.B.X. or 
attendant’s board by tie lines of up to 2000 Q 
resistance. The usual tie line arrangements, 
already described, would not be suitable in 
such cases. 

It is nevertheless possible to emp!oy direct 
current impulsing even under such circum- 
stances, due to the particular method of opera- 
tion on a manual tie line. Actually, only one 
person (the manual P.B.X. operator) dials over 
such tie lines, and dialling takes place in one 
direction only. Consequently, no great diffi- 
culty is encountered in inserting the dial directly 
in the tie line in order to avoid retransmission of 
impulses. Furthermore, by compensating the 
tie line to the maximum permissible loop 
resistance, the stepping relay at the P.A.B.X. 
end functions under the most favourable 
conditions. 

Fig. 9 shows a skeleton tie line jack circuit 
with an individual dialling key, which permits 
dialling out on the tie line without retrans- 
mission of impulses. 

The jack circuit to Fig. 7, interworking with 
a self-contained tie line to Fig. 4, would not 
work over more than about 800 Q (24 volts at 
both ends). The jack circuit to Fig. 9, however, 
would work over 1000-1100 Q. It is, more- 


over, possible to go even further by increasing 
the dialling and feeding battery in the jack 
circuit. This can be done by inserting dry cells 
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between the common battery and the feeding 
coil and dial key, as indicated by B in Fig. 9. 
Since the number of tie lines usually is small, 
and the resistance high, the current consumption 
of the extra dry cell battery will seldom exceed 
50-60 milliamperes. 

By adding 10 dry cells in series it is thus 
possible to work over tie line resistance up to 
1800 Q. If the tie line terminates on a 48-volt 
attendant’s board, the resistance may be in- 
creased to 2000 Q without jeopardizing the 
limits of safe operation. 

The addition of an extra dry cell battery has 
given quite satisfactory results in practice, but 
the method is recommendable only in connec- 
tion with manual tie lines. 


5. TIE LINES WITH 50-CYCLE SIGNAL- 
LING 


5.1 Introduction 


Reference has been made above to the factors 
influencing the transmission of dial impulses 
over different types of tie lines. Accordingly, 
a maximum permissible tie line resistance has 
been determined for the various arrangements 
utilizing dialling impulses in the form of inter- 
ruptions of direct current. This resistance 
varies from 500 to 2 000 Q. 

All tie lines mentioned so far have a direct 
current passing over both wires from the 
moment the tie line is engaged until it is 
released after conversation. Any signals passed 
over the tie line consist of interruptions of the 
direct current. 

The great majority of problems relating to 
interworking between P.A.B.X.’s can usually 


be solved by means of one of the direct current 
tie line arrangements already described. There 
are cases, however, where direct current signal- 
ling methods cannot be employed, as for 
instance : 

(a) Where the tie line resistance exceeds the 

limit of D.C. operation ; 

(b) Where the tie lines are equipped with 

repeaters ; 

(c) Where the tie lines make use of phan- 
tomed circuits ; 

(d) Where the tie lines must be terminated 
in repeating coils for any other reason, 
such as where carrier current remote 
control systems are superimposed on the 
telephone system. 

In all these cases alternating current signalling 
methods must be adopted. 

The type of 50-cycle signalling system, as 
developed by the Laboratories of the Bell 
Telephone Manufacturing Company, Antwerp, 
for use in long distance dialling networks, has 
also been adapted for use on P.A.B.X. tie lines. 
This system has been described previously’ ; 
but, for the sake of completeness, the details of 
a typical 50-cycle tie line will be briefly indicated. 

Fig. 10 shows the working principles of a 
50-cycle self-contained tie line. 


5.2 Self-contained Tie Line 


The arrangement comprises two parts, viZ., 
sending and receiving. 


1“A Field Trial of 50-Cycle Signalling on Toll Lines,”’ 
by William Hatton, Electrical Communication, October, 
1936. 
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Fig. 9—Long Marual Tie Line. 
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Fig. 10—50-cycle Tie Line. 











(a) Sending Equipment 

The sending part consists of the 50-cycle 
supply transformers, 7, and 7T,, and the out- 
stepping relay Osr. 

Transformer 7, is common per P.A.B.X., 
while 7, is individual per tie line. By providing 
individual transformers the interference between 
adjacent circuits, due to current in the 50-cycle 
supply leads, is practically eliminated. 

Relay Osr works from the back contact of the 
local stepping relay S7, which in turn is operated 
from the P.A.B.X. station dial. 

The direct current impulses produced by the 
dial are consequently converted into a series of 
50-cycle current impulses sent out on the line 
via the front contacts of relay Osr. 

The sending voltage is adjusted by means of 
the variable resistance RL. 

In order to prevent the capacity discharge of 
the cable reaching the receiving unit, a slow 
releasing relay Ldris included. This relay holds 
during the impulse train of each digit and short- 
circuits the line by a 600 Q non-inductive 
resistance, which absorbs the cable discharge 
each time Osr closes its back contacts. 


(b) Receiving Equipment 

The receiving unit comprises a transformer 
T with condenser C, a rectifier Rc, a polarized 
stepping relay Rr and a local stepping relay Wr. 

When a 50-cycle current impulse is received, 
it passes over the primary of transformer 7. 
The current induced in the secondary of T is 
rectified by Rc, and operates Rr over its left- 
hand winding. Relay Rrin turn energizes Mr, 


which causes the impulse receiving switch SM 
to take a number of steps, corresponding to the 
number of A.C. impulses received. 

The additional transmission loss introduced 
by the receiving unit is negligible, the impedance 
on voice current frequencies being of the order 
of 35000 Q. This is due to the action of the 
rectifier Rc and to the fact that the unit is tuned 
to 50 cycles by means of condenser C. 

It is well known that the resistance of a 
selenium rectifier is a function of the current. 
At speech currents of normal level the resistance 
of the rectifier is very high, so that the secondary 
of the transformer T is in effect practically open. 

The direct current output of the rectifier is, 
of course, slightly undulated and might cause 
relay Rr to chatter on its front contact. Relay 
Rr, therefore, has been provided with a second 
winding which is connected to battery over a 
condenser C,. 

When Rr closes its front contact, condenser 
C, is charged, and the charging current through 
the right-hand winding develops a magnetic 
flux, which aids the flux of the left-hand wind- 
ing, thus rendering the front contact pressure 
less dependent on variations in the rectifier 
current. When Rr opens its front contact, C, 
discharges, and a reverse magnetic flux is built 
up, which assists the de-energization. 

The discharge of C, not only speeds up the 
release of Rr, but it also delays the re-operation 
of Rr, if the interval between two successive 
impulses should be very short. In this manner, 
the impulses transmitted to relay Mr are 
partially corrected. 
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The ratio of the impulses transmitted by Mr 
to the stepping magnet S/ can also be varied, 
if found necessary, by adjusting the parallel 
resistance R. 

With A.C. dialling tie lines, no continuous 
current flows in the line wires, a condition which 
is contrary to D.C. tie line operation. Since a 
50-cycle current is within the audible range, it 
would obviously interfere with conversation. 
(c) Supervision 

A 50-cycle tie line is always designed in the 
form of a self-contained circuit and is arranged 
for “front” release. ‘The D.C. self-contained 
tie line, on the other hand, gives “last party” 
release. 

(d) Method of Operation 

There is no difference between the method of 
operation of a 50-cycle and a direct current self- 
contained tie line. The P.A.B.X. subscriber is 
not aware of the use of A.C. dialling. 


(e) Range of Operation 

A 50-cycle receiving unit, as shown in Fig. 10, 
will work satisfactorily over approximately 
80 km of 1 mm loaded cable (177/63 mH) 
with a sending voltage of 50 volts. 


(f) Scope 


P.A.B.X. networks with 50-cycle tie lines are 
gradually finding wider application and, in 





Fig. 11—Mesh Type Network. 





many cases, should be able to replace to advant- 
age A.C. intercall systems. 


6. TIE LINE INTER-CONNECTION OF A 

GROUP OF P.A.B.X’S 

Thus far only direct tie lines between two 
P.A.B.X.’s have been discussed. For the inter- 
connection of three or more installations, the 
provision of adequate tie line service raises new 
problems. Such networks may be realized in 
two different ways, i.e., as a “mesh” type or 
as a “‘star” type network. 


6.1 Mesh Type Networks 

A typical mesh type network is illustrated in 
Fig. 11. The automatic P.B.X.’s at A, B, C 
and D are inter-connected by means of direct 
tie lines, and A is also connected to a manual 
switchboard M. 

This kind of network does not present any 
difficulty. The tie lines may be of any of the 
different types already described. 


6.2 Star Type Networks 

The prototype of a star type network is shown 
in Fig. 12, where A, B, C and D represent four 
P.A.B.X.’s with full automatic service between 
any two substations without the intervention of 
an operator. 

A star network introduces a principle of 





Fig. 12—Star Type Network. 
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traffic routing, generally referred to as tandem 
wcrking, which simply means that the traffic 
ketween outlying exchanges must pass via a 
third or intermediate office, called a tandem 
exchange. Thus in Fig. 12, the P.A.B.X. at 
A serves as a tandem point. 

A network of this structure has certain funda- 
mental characteristics which may be sum- 
marized under three headings, viz. : 

(a) Method of numbering ; 

(6) Method of signalling ; 

(c) Method of tandeming. 


6.3 Method of Numbering 


With interworking telephone systems a dis- 
tinction is made between “closed” and ‘“‘open”’ 
numbering. 

“Closed”’ numbering includes subscribers’ 
lines in all exchanges in one uniform numbering 
scheme without distinctive exchange prefixes, 
and necessarily with only one dialling tone. 

An “open” numbering scheme is a prefix 
system. Local numbers, which may comprise 
a variable number of digits, are dialled on 
receiving local dialling tone. On inter-office 
calls the variable prefix is included in the local 
number, depending on the exchange to which 
the wanted number is connected. One or two 
dialling tones may be employed. 

Both schemes may, in principle, be applied 
in P.A.B.X. networks. A closed numbering 
scheme, however, implies a rather uniform 
network structure, which very rarely is en- 
countered in P.A.B.X. application. In the great 
majority of cases, therefore, a P.A.B.X. network 
is based on open numbering. For reasons 
indicated hereinafter, two dialling tones are 
practically always required. 

Although open numbering usually cannot be 
made strictly uniform, it ought at least to com- 
prise uniform prefixes, that is, a subscriber 
should have only one number (prefix included) 
listed in the telephone directory, and he should 
always be called by this number from any 
station within the system, except on purely local 
calls where the exchange prefix is omitted. 

This may seem an obvious and elementary 
requirement, and in rural and national dialling 
systems it is always fulfilled. In P.A.B.X. 
design, however, the problem is more compli- 
cated, due to the great diversity of the various 


equipments which constitute an average 
P.A.B.X. network. It would frequently ke 
both cheaper and easier to employ different 
prefixes for the same subscriber, depending on 
the point of origin of the call. Such operating 
methods, however, inevitably give rise to 
confusion. 


6.4 Method of Signalling 


The signalling and impulsing between 
P.B.X.’s may be carried out by direct current 
or by 50-cycle alternating current. The choice 
between these two systems depends primarily on 
the physical layout of the outside plant, and 
has no direct relation to the numbering scheme 
or method of operation. 


6.5 Method of Tandeming 


As previously mentioned, P.A.B.X. technique 
in most cases utilizes two dialling tones for the 
establishment of a call outside of a sukscriber’s 
own switchboard, be it via a tie line or via a 
junction. 

The second dialling tone is not quite indis- 
pensable from a technical viewpoint. As a 
matter of fact it could be omitted, either by 
giving the stations access to a register, or by 
applying the principle of forward impu!sing. 

A register would receive and store the digits 
of the dialled number, and would control the 
various selections on well-known Rotary switch- 
ing principles. A P.A.B.X. station might have 
access to a register in its own switchboard, or 
might automatically seize a junction to a parent 
exchange provided with registers. 

By forward impulsing, which is the basis of 
the step-by-step system technique, a junction 
or tie line would te picked up in the arc of a 
selector in the same way as an outlet to a local 
switching stage. Applied to P.A.B.X. design, 
this scheme would result in the connection of a 
tie line as a regular subscriber’s line at both ends. 

Small and medium sized P.A.B.X.’s are not 
furnished with registers due to economic con- 
siderations. ‘The reasons for abandoning the 
forward impulse method via regular P.A.B.X. 
links are enumerated in section 3. 

In P.A.B.X. networks, consequently, the 
most economical and practical alternative is the 
use of two dialling tones. The universal method 














TIE LINE PROBLEMS 





of operation can, therefore, be summarized as 
follows : 

(1) Remove handset and 

dialling tone ; 

(2) Dial first digit of prefix ; 

(3) Wait for dialling tone from the tandem 

exchange ; 

(4) Dial the remaining digits of the prefix 

and the wanted number. 

After a substation subscriber at an outlying 
P.A.B.X. has become connected to the tandem 
exchange, he is again confronted with the 
problem of obtaining access to a tie line leading 
to another outlying P.A.B.X. He might wait 
for a third dialling tone, but this would un- 
coubtedly complicate the method of operation 
and might create confusion, resulting in unsatis- 
factory service. 

It will te understood, therefore, that although 
the switching problem of seizing a tie line is 
exactly the same in an outlying P.A.B.X. as in 
a tandem exchange, the solution of the problem 
es explained above for an outlying P.A.B.X. 
cannot be applied to a tandem exchange, due 
to the practical necessity of limiting the number 
of dialling tones to two. The tandem circuits 
must, consequently, independently of economic 
considerations, be designed on the basis of 
either register control or forward impulsing. 
Both methods are in actual use. 


wait for local 


(a) Register Control 


This solution is the most flexible, but a!so the 
most expensive, at least for small installations. 
The tie lines terminate as regular subscribers’ 
lines at the tandem point and as self-contained 
tie lines at the outgoing P.A.B.X. 

The tandem equipment may consist of a 
standard P.A.B.X., arranged for combined local 
znd tandem working (as, for example, the 7-D 
P.A.B.X.) or may comprise separate tandem 
links and registers, specially designed for tie 
line inter-connection. 


(b) Forward Impulsing 


This scheme results in inexpensive and simple 
equipments, but its application is limited to 
certain types of networks. The tie lines are 
self-contained at both ends. 

A typical 50-cycle A.C. network using forward 


impulsing has previously been described.' It 
can be applied to small and medium sized 
P.A.B.X.’s where the digit receiving switch is 
of the rotary step-by-step type, and where the 
number of tie lines per direction is not too great. 
7 SPECIAL TIE LINES 

Requests are sometimes received for the pro- 
vision of special operating facilities on tie lines, 
such as call-back and transfer, or extension of 
city connections. While it would be partly 
beyond the scope of the present article to analyze 
the design aspects of the various solutions 
realized (due to unavoidable reference to junc- 
tion design and operating methods), a brief 
outline of the switching problems follows : 

7.1 Call-back and Transfer 

Call-back and transfer to stations belonging 
to the same P.A.B.X. can be introduced without 
difficulty in self-contained tie lines. The 
arrangement adopted is very similar to the 
standard junction scheme, and comprises a 
differential relay at each end, operated from a 
button on the subset. 

This feature is seldom employed in connec- 
tion with inter-P.A.B.X. traffic only, but it may 
be useful if city or toll connections are extended 
over tie lines. 

7.2 Extension of City Connections 

It frequently happens that a subsidiary plant 
or branch office, connected by tie lines to a main 
office, has no access to a public telephone 
exchange, due to its isolated location. In such 
ceses, it may be found desirable to enable the 
main office P.A.B.X. attendant to extend city 
and toll connections via the tie lines to a sub- 
station in the branch office P.A.X. The manner 
of providing this facility depends primarily on 
the type of attendant’s equipment installed at 
the main office. 

A cord type attendant’s board presents many 
advantages with respect to the handling of 
different groups of junctions without undue 
complication of the automatic circuits, whereas 
a cordless attendant’s set entails rather important 
changes in the design of the tie lines. 


(a) Cord Type Board 
With a cord type attendant’s board, it is com- 





1 “Airport P.A.B.X. Network,” by R. T. Ringkjob, 
Electrical Communication, January, 1939. 
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Fig. 13—Extension of City Calls over Tie Lines. 
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paratively easy to provide manual “in” and 
“out” city service via tie lines. For such 
service, self-contained circuits, comprising a 
jack and two lamps (busy and calling lamps) on 
the attendant’s board, would be required. 

To extend an incoming city call the attendant 
plugs into the jack of a free tie line and dials the 
number of the wanted distant party. When, 
after conversation, the latter hangs up, a clearing 
signal must be transmitted to the attendant, 
since usually no such signal is received from the 
city exchange. 

On an outgoing city call, the distant party 
dials a single digit to pick up the tie line, and a 
second single digit to light the calling lamp in 
front of the attendant, who extends the call to 
the wanted city subscriber manually. 


(b) Cordless Attendant’s Set 


In P.A.B.X. systems using cordless attendant’s 
sets, the problem of connecting a tie line to a 
city junction, or vice versa, can be solved in 
several ways. The primary aim of the designer 
naturally is to achieve a simple method of 
operation for both the attendant and the distant 
P.A.X. subscribers. Usually, automatic “‘out”’ 
and manual “in” city service is provided. 

The most frequently adopted solution con- 
sists in the addition of a switch per tie line at 
the main P.A.B.X. end. All junction circuits 
are connected to the arc of the additional switch, 
which has two functions : 

(1) On an automatic outgoing city call it 

hunts for a free junction ; 

(2) On an incoming city call it hunts for the 


particular junction on which the attend- 
ant is waiting. Fig. 13 shows the 
junction diagram of such an arrangement. 

A distant P.A.X. party desiring an automatic 
outgoing city connection dials a single digit, 
different from the digit assigned to regular tie 
line calls at the main P.A.B.X. The additional 
switch AS, consequently, hunts for and picks 
up a free junction. When city dialling tone is 
received, the full wanted number is dialled. 

On an incoming city call destined for a distant 
P.A.X. party, the attendant depresses a starting 
key, SK, common to all tie lines in a given 
direction. The additional switch of all free tie 
lines then hunts for the junction on which the 
attendant is waiting. After a tie line has become 
attached, a visual signal is given to the attendant, 
who releases the starting key and dials the 
wanted distant party’s number. 

With the automatic outgoing city service as 
described above, all distant P.A.X. stations 
have access to the city network. It is possible, 
however, to restrict certain stations from such 
service by adding an extra finder AF to the tie 
line at the distant end. The regular tie line 
finder, TF, would then be picked up by any 
station dialling, say, “8,” for inter-P.A.B.X. 
calls, whilst the additional finder would be 
picked up by unrestricted stations dialling, say, 
“O,” for outgoing city calls. 

Local call-back and transfer features may be 
introduced on this kind of tie line. As an 
alternative, the distant P.A.X. station may be 
given the facility of recalling the main P.A.B.X. 
attendant on an established city connection. 
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Experimental Researches on the Propagation of Electro- 
Magnetic Waves in Dielectric (Cylindrical) Guides* 





By A. G. CLAVIER and V. ALTOVSKY, 
Laboratoires L.M.T., Paris, France 


LECTRO-MAGNETIC waves, in the 
first instance, were utilized through 
radiation into space ; this represented 

the first ‘‘radio-electric transmissions.” It is 
known, moreover, that under certain conditions 
the surface of the earth and the ionized layers 
of the higher atmosphere produce reflections of 
a serviceable nature and that the waves are in 
some way directed round the globe, thereby 
improving the transmission efficiency to a con- 
siderable degree. ‘The efficiency may be further 
reinforced by concentrating the radiation direc- 
tionally ; ‘‘directed waves” are then obtained. 

For a still better reception of the transmitted 
energy, however, electromagnetic waves may be 
propagated through closed channels or “guides,” 
their utilization in the final analysis being 
obviously dependent on economic considera- 
tions. In addition to a reduced waste of energy, 
such guided transmissions, as compared with 
the non-guided type, afford advantages of great 
secrecy, decreased interference and improved 
quality, as well as more stable and reliable 
transmission characteristics. 

The aim has been to apply increasingly higher 
frequencies to cables in order to utilize them for 
transmitting a correspondingly greater range of 
frequencies so as to provide a large number 
of simultaneous communication channels. 
Furthermore, in certain outstanding cases, such 
as high quality musical transmissions and 
especially television, extensive frequency band- 
widths are necessary for attaining high quality 
transmission. 

As the frequency increases, ordinary cables 
become less and less suitable for such applica- 
tions due to prohibitively high attenuation. 
Accordingly, special structures consisting of 
two concentric conductors separated by high- 


* Republished in slightly modified form from ‘ Revue 
Générale de l’Electricité,’”” May 27 and June 3, 1939, 
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grade insulators have been developed: the 
coaxial cable. 

Closer study of the theoretical conditions 
governing the propagation of e'ectro-magnetic 
waves has shown that the presence of an interior 
conductor is not indispensable. The ‘“‘wave 
guide” thus may take the form of a simple hollow 
metallic tube. 

In the present artic'e brief reference is made 
to the essential bases of the theory of guided 
waves, the comp!ete mathematical development 
of which has been the object of earlier studies*. 
Attention is devoted mainly to experimental 
aspects of the problem; and, in particular, a 
detailed description is given of equipment used 
in demonstrating the fundamental character- 
istics of centimetre electro-magnetic wave 
propagation in dielectric guides. 


I.—RESUME OF THE THEORETICAL 
CONSIDERATIONS RELATING TO 
DIELECTRIC GUIDES 


When making a theoretical study of the 
propagation of electro-magnetic waves in a 
dielectric medium of cylindrical symmetry 
defined by a metallic sheath, it is desirable to 
assume as a first approximation that the medium 
is a perfect dielectric (zero conductivity) and 
that the sheath is a perfect conductor (infinite 
conductivity). An electro-magnetic wave is 
characterized at each point of the transmission 


> 
path by an electric vector field E and a magnetic 


> 
vector field H related as indicated by Maxwell’s 
equations : 


oH — 
—-yu —=curl E 
b> cur 


is the dielectric coefficient and wu the per- 


© 


+ See Bibliography at end of article. 
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meability coefficient of the medium under 
consideration. 

These equations should be applied with 
respect to their limiting conditions derived from 
the fundamental electro-magnetic laws which, 
if any vector quantities are present on the 
metallic wall, require that the electric vector be 
normal and the magnetic vector tangential. 


Energy considerations suggest the resolution 
> > 
of the vectors E and H into cross-sectional 
_-> > 
components £,, H,, and axial 


>> 
£., Hf, 

Assuming an elementary volume comprised 
between two cross-sections S, and S, and the 
metallic wall, no flux passes through the 
metallic sheath. The sum of the flux through 
S,, S, has a mean value of zero per cycle; the 
mean flow of energy W,,, through a straight 
section is, therefore, constant. This flow is 
expressed as a function of the only components, 
>> 
E,, H, in the cross-section : 

———— 


1 
Wn = le [E, x H] ds 


de 


components 


ae (2) 


It will thus be seen that the components 


—> > 
E, and H, must coexist in order to ensure 


propagation in the axial direction. Investiga- 
tion of possible types of progressive waves then 
points to the application of a group of linear 
differential equations in which the  cross- 
sectional components are expressed as a function 
of the axial components. 

The general solution results from the super- 


position of the following three particular cases : 
-> > 
(1) The axial components H, and E, are 


both zero in the volume under con- 


sideration ; 
> 


(2) The axial magnetic field component H, 


is zero throughout ; 
> 


(3) The axial electric field component E, is 
zero throughout. 


> > 

(1) E, and H, Zero Throughout—Coaxial 
Wave (Fig. 1) 

Analysis shows that in this case the electric 


ais 
field E is governed by a_ two-dimensional 
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potential U (9, 8) which checks with Laplace’s 
equation AU = 0). 

The electric field is normal at the sheath 
surface, of which the cross-section represents 
an equipotential line. ‘Moreover, the potential 
U verifying Laplace’s equation must be con- 
stant within the equipotential line unless internal 


> 
charges are present. The field E, therefore, 
is everywhere equal to zero inside of the 


metallic sheath ; hence no possible propagation 
> —> 


occurs in a dielectric guide when EF, and H, 
are zero throughout. 4 

Conditions obviously are modified if a con- 
ducting surface be introduced into the first 
cylindrical sheath. A well-known form is the 
coaxial cable, the potential U then taking the 
form : 

U=-A log p+ B; 

A and B are constants. 

The fundamental characteristics of this kind 
of propagation may easily be deduced from the 
above equations. 


> —> 

The vectors E and H then reduce to the 

components Eo, Hy; they are perpendicular to 
each other and in phase. 

The wave is propagated with a velocity 


1 . , . 
v =——, equal to the velocity of light in a 
Veu 
homogeneous dielectric medium of constants 


+ 
These fields may be expressed by : 


ena Oi 
Eo -,/# Ho = = exo) 


w being the angular frequency (2zf); y= 


€ _ 
ait 
’ 


-—, where i’ and wv’, respectively, are the 
wavelength and the phase velocity in the cable. 

It is therefore possible to pass from equations 
of vector fields to those of differences of 
potential V between conductors and of currents 
I at their surface. If a and b be the diameters 
of the two metallic sheaths (a < 5): 


y= ag” log b ei wt-72) 
€ a 
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: 
Z is the characteristic impedance of the coaxial 
cable. . 

Consideration of the constituent vector fields 
thus leads to the same derivation of the propa- 
gation characteristics as by the application of 
well-known Kirchhoff’s equations. 

Let us revert to the guide constituted by a 
simple metallic sheath limiting a dielectric 
medium, and examine the case where one of 
the vectors, either electric or magnetic, has an 
axial component. 


ii FO tag 2 ae. 
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(2) Electric Vector with Single Component 
E, along the Axis-E Wave (Fig. 1) 


The condition H, = 0 gives the equations : 


section E, (E,, E») and H, (H,, He) are per- 
pendicular to one another and in phase. As 
above, w is the velocity of light in an undefined 
homogeneous medium with coefficients < and 
wu; wv is the axial phase velocity in the interior 
of the guide. 

The transverse components may be expressed 
as functions derived from E, : 


vE, 


(de 


jk E, 


J R Eo 








DIRECTION OF PROPAGATION 


COAXIAL WAVE 


E WAVES 


H WAVES 


Fig. 1—Vibrations of Electric (full lines) and Magnetic (dotted lines) Vectors. 
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E, along the axis is out of phase by > with 


~ 


respect to the cross-sectional components. 


The oscillation of the vectors at a point is 
represented in Fig. 1 (E waves): the magnetic 
vector (dotted line) has a rectilinear vibration in 
the plane of the cross-section; the electric 
vector (full line) has an elliptic vibration in a 
plane parallel to the axis. An investigation of 
the distribution of the amplitudes E. of the 
axial component at different points of the cross- 
section yields the classical Bessel equation of 
which the integral takes the general form : 


E. im Jy (ko) + B,, (Ro) ) 


Fi and Y,, are Bessel functions of the first and 
second type and of the nth order. The function 
Y is infinite for ep =0; it does not meet the 
case under consideration. 

The equations for the E waves may finally 
be written : 


A, Jn (ke). cos nO. e'~ 7) 


) 1 


— A, J'n (kp). cos n0. eio- 72-5) 
x k et < 0) cos 7” e 


2x mn 5 _ © 
=— A,, J, (ke). sin nO. eilor- 2-5) 


nr’ Rk 


I i n 
aN ? 


k A, Tn (ke). sin n0. pilot - 2-5) 
RP 


Din 


‘P 
amie jel 


A wv 3 k A, J'n (Ro). cos no. eilot -y2-5) 


He 


Thus it is possible for E waves to exist in a 
guide provided that the limiting conditions at 
the contiguous surface of the dielectric and the 
metallic envelope are satisfied. In a guide of 
radius 5, it is necessary that : 


Tn (Rb) = 0 
which gives the possible values of &. 

Briefly, a particular E wave is characterized, 
on the one hand, by its distribution law along 
a circumference centred on the axis (value 
of n); and, on the other hand, by its distribu- 
tion law along a radius of the cross section 
(order of the root of equation (12) ). 
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The fundamental wave in this class of propa- 
gation, designated Ey, is that for which n= 0. 
It gives uniform distribution along a circum- 
ference centred on the axis, the first root other 
than zero of Bessel’s function J, of order 0, 


being taken : 
Jo (Re) = 0. 


Fig. 2 represents the distribution of the 
vectors at a given moment for a progressive 
wave E). 


(3) The Magnetic Vector only has a Com- 
ponent H, along the Axis-H Waves (Fig. 1) 

The condition E,=0 gives the following 
equations : 


The cross-sectional components, in this case 
also, are perpendicular to one another and in 
phase. 

These components may again be expressed 
as a function derived from the axial component 
H , and it will be seen that they are dephased by 


= with respect to H.. 


~ 


The vibration of the vectors at a point is 
indicated in Fig. 1 (H waves). The electric 
vector (continuous line) oscillates rectilinearly 
in the plane of the cross-section. The magnetic 
vector (dotted line) has an elliptic vibration in 
a plane parallel to the axis. 

The equations for H waves may be developed 
the same as for EF waves ; they are : 


H. = By Jn (ke). cos nO. e3 (#7) 

2x 1 
ei 
Qn 1 


7 - B,, J» (Re). sin nO. e/ (wt-v2-5) 
R°p 


Ab B, J'» (ke). cos nO. ef (wt-72- 5) 


4 


x f 5a, Bs Jn (ko). sin nQ. eilot-92-, 


o 
y 


: B, J’,(kp).cos nO, elot-72-3) 
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DIRECTION OF PROPAGATION 


Fig. 2—Progressive Ey Wave: Electric (full lines) and Magnetic (dotted lines) Vectors. Curve A: distribution of longitudinal 
vectors along the radius (Bessel function J, (Ko) ). Curve B: distribution of transverse vectors along the radius (Bessel function 
Ji: (Kp)). Curve C:: distribution of all vectors along the axis (sinusoidal function). 
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DIRECTION OF PROPAGATION 


Fig. 3—Progressive Hy Wave: Electric (full lines) Gnd Magnetic (dotted lines) Vectors. Curve A : distriluticn cf longitudinal 
vectors along the radius (Bessel function J (Kp)). Curve B: distribution of transverse vectors along the radius (Bessel function 
J, (Kp) ). Curve C:: distribution of all vectors along the radius (sirusoidal function). 
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Thus H waves may exist in a guide provided 
that the following condition be satisfied : 


J’. (hb) =90; 
J’, is the derivative of /,. 

Similarly to FE waves, a particular H wave is 
characterized by the value of m and the order 
of the root of equation (15). 

The value of m governs the distribution law 
of the amplitude of the vectors along the cir- 
cumference centred on the axis. The order of 
the root of the Bessel function governs the law 
of distribution along the radius. This distribu- 
tion is illustrated by Fig. 3 which represents a 
progressive H, wave at a given instant. The 
fundamental H, wave corresponds to n= 0 
(uniform circular distribution) and the first 
non-zero root of : 


Jo (ke) = — Fi (ke) = 0. (16) 


LOWER FREQUENCY LIMITS OF E AND 
H WAVES 

For the type of wave applicable to the 
coaxial cable no E., Ey or H, vectors exist. 


The limiting conditions at the surface of 
separation of the dielectric and metallic walls 
are already fulfilled and the problem of a 
theoretical frequency limit does not arise. For 
E and H waves in a guide, conditions are 
different, and it is necessary that equations (12) 
and (15), respectively, be satisfied. 

Taking the first non-zero root of these 
equations, 7,, (7’, for (15) ), the following 
results : 

kb = 9, (or 1’), 
assuming 
l 
. 


- 
2nf Jt -— 


This relationship shows that the phase 
velocity v’ in the guide must always be greater 
than the velocity v of light in the dielectric 
medium considered. 


2 


Tr 


. 


The smallest value of f, say f,, which permits 
of propagation in a given cable, corresponds to 
an infinite value for v’; consequently, 


f.% 


This cut-off frequency, f., corresponds in 


the unlimited medium ¢, p, to a cut-off wave- 
length of : 


The table below gives the value of the first 
roots 7,, r’,, of the J, and J’, functions. 
e. G 0 | ] 2 
r, | 240 | 383 | 51 
7, | 393 | 194 | 3 | 


The following observations apply : 

(1) The H, wave makes it possible to use 
the lowest frequency for a guide of given 
diameter ; 

(2) H, and EF, waves have the same cut-off 

frequency due to the equation J’) = — J. 

From the viewpoint of most immediate 

application, the waves to be considered 

are the fundamental FE, and Hy waves, 
also the H,, which gives the most favour- 
able cut-off frequency. 

The cut-off frequency corresponds to a 

wavelength in the free dielectric medium 

of the same order of magnitude as the 
diameter of the guide in the most favour- 
able case. 

In order to utilize cables in the form of 
guides of practical dimensions, it is con- 
sequently necessary to resort to oscillations of 
extremely high frequency, corresponding to 
wavelengths of only a few centimetres. 

A dielectric medium with a dielectric constant 
higher than air would make it possible, other 
factors being equal, to employ a lower fre- 
quency, inversely proportional to the square 
root of the dielectric coefficient. The dominant 
consideration, nevertheless, is the energy loss 
in transmission along the cable, since it governs 
the maximum length of cable between repeater 
stations of given gain. ‘This question will be 
discussed later. 

PHASE AND GROUP VELOCITIES 

In the case of a coaxial cable without energy 
loss, the wave propagation velocity would be 


Phase and 


(3) 


1 
v = —— independent of frequency. 


V ey. 
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| Fig. 4—Law of Variation of Phase Velocity in a Guide, 
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group velocities would be equal to the velocity 
of light in a homogeneous medium ey. 

In the case of E and H waves, on the con- 
trary, phase velocity v’, as previously indicated, 
is greater than the velocity of light in a free 
medium. Reverting to equations (17) and (18) 
it follows that : 


velocity increases indefinitely. With increased 
frequency, the phase velocity decreases and, 
at its limit, approaches the velocity of light 
in a free medium. 

The magnitude which is of interest in the 
propagation of a modulated signal is the group 
velocity v,. In a cable of given diameter, the 
following obtains : 


piers 9 
Vy = es ge Cheese (21) 
Since the phase velocity v’ is always greater 
than v, the group velocity v, is always less than 
v, the velocity of light in an unlimited medium 
characterized by the constants ¢, uw. 


II.—EXPERIMENTAL STUDIES OF G.C. 
SOUTHWORTH AND OF W.L. BARROW 


Retracing the bases of the theory sketched in 
the foregoing to Lord Rayleigh’s work in 1897, 
it is evident that considerable progress was 
required in the art of generating electro- 
magnetic waves before experimental investiga- 
tions could be successfully undertaken. 

Experimental studies with a view to verifying 
the characteristics of this new method of trans- 
mission were first begun in America, and results 
were published during the year 1936. The first 
two investigations related to dielectric guides of 
circular section, which seemed to be of the most 





This relationship is re- 
presented by the circular 
curve of Fig. 4. It permits 
the determination of the 
phase velocity wv’ as a 
function of the applied 
frequency f, the cut-off 
frequency f, being known. 
The latter depends on the 
type of wave, the radius JUVE) 
c the guide, and the C= 
velocity vinafree medium | 
corresponding to the di- QL 
electric considered. 

As the operating fre- 
quency approaches the 
cut-off frequency, the phase 


Eo 


Ci 
Cg Wn 


y 


Lt mil. Ly 


ey Ho 


Fig. 5—Southworth’s Arrangement of Conductors for the Transmission of 
Different Types of Guided Waves. 
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RATIO OF WAVELENGTH TO DIAMETER (2) 


Fig. 6—Velocity Relation for E, Waves in a Metallic 
. . . Ee > Y 
Tube with Dielectric —= 81. Dots represent South- 
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zorth’s Experimental Results. K is the Velocity Ratio 
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and n is the Square Root of —. 
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immediate interest from the viewpoint of 
application. 

Southworth started with water as a dielectric 
and was thus enabled to use metric waves 
(3 m to 0.75 m, i.e., 100 to 400 Mc/s) and 
guides 15 to 25 cm in diameter. A column of 
water 1.20 m in height was contained in a 
bakelite or copper tube. E waves (Ey and E,), 
and H waves (Hy and H,) were investigated, 
excited as indicated in Fig. 5. By probing the 
cross-section, field distributions and relative 
intensities were observed to vary in substantial 
agreement with calculations. Certain irregu- 
larities, apparently, were attributable to the 
simultaneous presence of different types of 
waves, it being difficult to obtain a specific 
type of wave, particularly E, and H, waves. 
Another method of exploring the fields showed 
the reflector effect of screens formed of con- 
ductor wires: wires parallel to one diameter 
for H, waves; radial wires for Ey, and circular 
wires for H, waves. Such screens were found 
useful in particularizing the excitation. 

The phase velocity along the guide was 
determined accurately by measuring the dis- 
tances between nodes and anti-nodes under 
stationary vibration conditions. Fig. 6 indicates 
the points measured and the curve calculated 
for the Ey wave. Similarly, the cut-off frequency 
Was experimentally determined. 


Due to considerable dissipation by the water, 
the investigation was pursued with copper tubes 
filled with air. These tubes were 10 cm and 
15 cm in diameter, and the tests were made 
with 20 cm (1 500 Mc/s) and 15 cm (2 000 Mc/s) 
waves, principally of type H,. Results relating 
to phase velocity are illustrated in Fig. 7. 
Agreement between experiment and calculation 
is quite remarkable, the differences—less than 
1°,—teing of the order of magnitude of errors 
in measurement. 

To obtain progressive waves the guide must 
be correctly terminated; the conditions of 
adaptation are quite critical. The arrangement 
adopted utilized a thin resistive film placed in 
a straight section in front of an adjustable 
reflector piston or a resonance chamber con- 
taining a dissipative element. The resonance 
chamber consisted of a short guide section with 
resonance and anti-resonance characteristics. 

Barrow, independently of Southworth, experi- 
mented with a galvanized iron guide 44 cm in 
diameter and 4.60 m long, the wavelength being 
about 40 cm. The cut-off characteristic was 
verified at 25 watts output on a 1 m wavelength. 
The methods of initiating the waves are indicated 
in Fig. 8. They correspond to the waves which, 
following Southworth, may be termed E, and 
H,. By means of a probe detector the length of 
a stationary wave was measured and the field 
distribution investigated; the results were 
found to agree closely with theory. Placed at 
the open end of the guide, the detector may be 
used to indicate the radiation diagram at the 
mouth of the guide. 

In another series of experiments, Barrow 
checked the distribution of fields and the value 
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ig. 7—Velocity Relation for the H, Type Wave in a 
Hollow Metallic Tube (Verified by Southworth). 
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of phase velocity in 
guides of rectangular 
section (15 cm x 50 cm) 
with wavelengths between 
40 cm and 1 m._ In 
particular, he traced the 
end radiation diagrams. 

These remarkable experi- 
ments aroused considerable 
interest in scientific and 
engineering circles, and 
initiated a series of re- 
searches auguring interest- 
ing possibilities of 
application. 


II.—L.M.T. LABORA- 
TORIES EXPERIMEN- 
TAL WORK 


Investigations on the 
propagation of centimetric 
waves inside conductor 
tubes were under-taken in 
1938 in the L.M.T. 
Laboratories. Dating from 
1929, they had been in- 
terested in the properties of electro-magnetic 
decimetric and centimetric waves. On March 
31st, 1931, the first practical demonstration of 
Micro-ray Radio was given across the English 
Channel on a wavelength of approximately 17 
cm. ‘The technique thus acquired by experience 
was found particularly interesting in its 
application to dielectric guides. 

The application of dielectric guide methods of 
transmission necessitates, in order that it may 
be economically justified, that the diameter of 
the guide should not exceed 1 to 2 cm; hence, 
centimetre or even millimetre wavelengths must 
be used. Such waves can be produced by 
positive grid and reflecting electrode tubes 
derived from the type developed for the 
Lympne-St. Inglevert Micro-ray link operating 
on 17.4 cm. Tubes of this type have been 
developed for operation on wavelengths down 
to5 cm. Below 5 cm, magnetron tubes of the 
non-split anode type are utilized. The shortest 
wavelength attainable at present in the Labora- 
tories is 12 mm, corresponding to a frequency 
of 25 000 million cycles per second. 

Researches involved principally three types 


Fig. 8—Difjerent Methods Devised by Barrow of Transmitting Waves in a Guide. | 


of waves, Ey, Hy, H,; the first two types, 
circular in shape, may be termed the funda- 
mental waves for a circular sectional guide ; 
the third, H,, is the most favourable from the 
viewpoint of cut-off frequency for a specified 
diameter of guide. Use was made successively 
of copper tubes some metres in length with 
diameters of 125, 60, 40, 23, and 16 mm. 
Wavelengths between 150 mm and 25 mm were 
utilized, corresponding to frequencies from 
2 000 to 12 000 Mc/s. 

An experimental demonstration of the most 
characteristic features of guided waves was 
given in Paris, in 1938, before the Société des 
Radio-Electriciens (November 16th), the Société 
de Physique (November 18th), the Société 
Francaise des Electriciens (November 26th— 
Discussion Week), and the Congrés Inter- 
national in commemoration of the discovery of 
Hertzian waves at the Palais de la Découverte 
(November 29th). 

Figs. 9, 10, 11 give some idea of the set-up 
of the apparatus employed in demonstrations. 
The copper tube (125 mm in diameter) repre- 
sents the first guide used. The transmitter 
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on a wavelength of 
25 mm; it may be 
seen at the left in 
Fig. 9, as also its 
power rack. Fig. 10 
shows the receiver at 
the opposite end of 
the guide. 

This demonstration 
equipment includes a 
number of devices 
developed in_ the 
course of investiga- 
tions on _ dielectric 
guides. Before de- 
scribing it in detail, 
certain work  per- 


Fig. 9—View of Demonstration Apparatus for the Propagation of Centimetre Waves : 
in Metal Tubes (12.5 cm and 1.6 cm in diameter). formed in the Lab- 


valve, which produces a wavelength of 8 cm, 
is visible in the centre of Fig. 10 with its 
power rack in the background. Between the 
valve and the input of the guide are inter- 
changeable coupling elements suitable for the 
various types of waves. Two of these coupling 
elements may be seen in the lower part of 
Fig. 9. A third one is mounted at the head 
of the guide. At the opposite end of the 
guide is a movable truck housing the detector 
system. 
The second guide, placed behind the first, ae 5 oe 
; ; é a S Fig. 10—Positive Grid Generator (wavelength 8 cm), 
might more appropriately be termed a “‘cable. in centre ; Coupling Apparatus to the 12.5 cm Guide 
It is, in effect, a copper tube 16 mmin diameter. (E, Wave), at left; Receiving Apparatus of a 1.6 cm 
The transmitter supplying the input operates ae 





oratories will be 
outlined in order to 
clarify the operation 
of the individual 
elements. 


DETERMINATION 
OF PHASE VELO- 
CITY 


In experimental 
studies on guided 
waves it is frequently 
necessary to measure 
phase velocities or 


Fig. 11—Experiments in Phase Velociiy and Field Distributions in a Guide (Hy Wave). 
wavelengths along 
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the guide. As previously indicated, the equation 
whereby the phase velocity may be calculated 


) 


or, in a different form, 


By + (=) we gishenhees ( 
he A 


2, being the wavelengthin a non-limited medium, 
ve: 

i,, the cut-off wavelength in the same medium ; 

2’, the wavelength in the guide. 

The cut-off wavelength, which depends on 
the diameter of the guide and the type of wave 
considered, can easily be obtained from Plate I 
2xb 

Tn 

The roots 7,, 1’, of the Bessel functions, J 
and J’, have been classified by increasing orders 
of magnitude. The straight lines traced are 
relative to types of waves given by the first 
six roots. 

The cut-off wavelength, 4,, thus determined 
is the length corresponding to the dielectric 
medium of constants ¢, yw utilized in the guide. 
If this dielectric medium differs from air, the 
corresponding cut-off wavelength in air (<9, to) 
is obtained by multiplying ’, by the ratio 


fz 
Foo 


To determine rapidly the wavelength in the 
guide in specific cases as a function of the 
operating wavelength, or vice versa, equation 
(22) has been translated in the form shown in 
Plate II where the co-ordinates express the 
wavelength in relation to the diameter. 

To each type of wave there corresponds a 
branch curve having for its asymptote the cut-off 
wavelength. ‘The tangent at the origin for all 
the curves is a straight line inclined at 45°, 
corresponding to the wavelength in the free 
medium. 

The experimental measurement of the wave- 
length in the guide is effected by producing 
stationary waves within the guide by reflection 
at the guide terminal. 

If the end of the guide be closed by a perfectly 
conducting plane perpendicular to the axis, the 
incident wave gives rise by reflection to a wave 


expressing the relation A, = 
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| dc CUT-OFF WAVE LENGTH IN cm 
| Plate I—Determination of Cut-off Wavelengths. 





which is propagated in the reverse sense. ‘This 
reflected wave is of the same type as the incident 
wave. 

In effect, the variation along O, of the different 
vectors may be expressed by the factor e?”, 
identical for all vectors. In other words, for a 
given type of wave, the relative field distribu- 
tion corresponding to the points in a cross- 
section is maintained along the path of trans- 
mission ; i.e., all the vectors undergo the same 
variation of phase when passing from a plane 
Z,toa plane Z,. When reflection occurs on a 
plane perpendicular to the axis O., the com- 
ponents of the vectors E,, H,, E., and H, are 
subject only to variations of phase (perfect 
reflection). These variations of phase, which 
are identical for vectors of the same nature, 
are either zero or equal to zx so that the relative 
de-phasing of vectors of different natures is 
maintained. Thus electric and magnetic vectors 
in the straight section E,, H, are always in 
phase. The vectors FE, simply change sign ; 


similarly the de-phasing of 5 between transverse 


and axial vectors is maintained. The reflected 
wave is of the same nature as the incident wave. 
The superposition of the incident wave and 
the reflected wave gives a system of stationary 
waves characteristic of the type of wave under 
consideration. The position of the nodes and 
anti-nodes will now be sought : 


(1) Vectors subject to reflection without 
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Wavelengths in Free Medium and in the Guide are Plotted relatively to the Guide Diameter. 
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Plate II—Determination of Wavelengths in a Guide. 
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METHOD FOR LAUNCHING AN E, WAVE 


Fig. 12—Schematic Arrangement of a Guide with Ey 
Wave Excitation. 


An 


incident vector of the form Ae’) is 


change of phase (vectors F., H,). 


superimposed on the vector Ae/'*), 
the plane of reflection being taken as the 
origin for the zs coordinates : 
Ae ior - Ae iot+ 7) 
Dae 

= 2Ae i cos yz = 2Ae i cos — (23) 
Vectors subject to reflection with change 
of phase (vectors H., E,); after super- 
imposing : 
Ae tet) _ Ae sot +72) 

Dinw 


—~ 2Ae™ sin yz = —-2Ae™ sin — (24) 
a 


E WAVES 

The axial electric vector FE. is reflected with- 
out change of sign, the reflecting plane corre- 
sponding to a vector anti-node. In the case of 
the electric vector of the straight section E£,, on 
the other hand, the reflecting plane represents 


; . _ 
a node with the first anti-node yin front of 


the reflecting plane. 

The magnetic vector H, has its nodes and 
anti-nodes on the same abscissa as the axial 
vector E,. For example, for the Ey wave the 
configuration of stationary waves corresponds 
to Fig. 2, in which the magnetic vectors undergo 
a 


a displacement of a 


H WAVES 

The magnetic axial vector H, changes sign at 
the reflecting plane, which is a nodal point. It 
is an anti-node for the transverse magnetic 
vector H, and a node for the transverse electric 
vector E,. The configuration H, (Fig. 3) again 
represents a stationary state, provided the 


electric vectors are displaced by 7 ‘ 

The phase velocity along the guide thus may 
be measured by the distance separating suc- 
cessive anti-nodes and nodes of one of the 
vectors. 

Study of the stationary wave characteristics, 
moreover, gives valuable information on the 
emission of the different types of waves. It 
should be noted, in fact, that the theory outlined 
in the foregoing does not include the problem 
of the production of these types of waves, nor 
of coupling with the guide. This problem is 
essential to the experimenter and will be 
examined below. 


EXCITATION OF E, WAVE 


The configuration of the Ey wave in the 
straight section is reminiscent of the coaxial 
wave. In koth modes of propagation, the 
magnetic fields are circular and the electric 
fields radial (the reiative distribution of the 
fields differs since the limiting conditions are 
dissimilar). The degree of relationship suggests 
the excitation of Ey waves through a coaxial 
line, as represented diagrammatically in Fig. 12. 
Fig. 13 illustrates such an arrangement. 

A small axial antenna fed by a coaxial line is 
passed through the centre of a cross-sectional 
plane closing the entrance to the guide. ‘The 
electric and magnetic fields in the neighbour- 
hood of this type of antenna appear substantially 
similar to the E, configuration. ‘This method 
of excitation is fairly pure since, in a symmetrical 
arrangement, no other type of wave has a 
tendency to be generated. By changing the 





| Fig. 183—Leunching the E, Wave in a 12.5 cm Guide | 
from a Coaxial Line. Positive Grid Generator (\ = | 
78.5 mm). 
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length of the axial antenna, it is possible to 
adjust the guide coupling to the source of 
emission. Closure of the extremity of the guide 
by a movable piston with a plane surface results 
in the production of stationary waves which 
may be studied by inserting a detector into the 
guide. Results of an experimental test with 
such a detecting device for a guide 125 mm in 
diameter and emission on a wavelength of 
78.5 mm are given in Fig. 14, where the upper 
curve shows current variation as a function of 
the displacement of the detector along the guide 
for a given position of the reflecting piston. 
This curve illustrates the sinusoidal character of 
the variation of the transverse component of 
the electric field in accordance with equation 
(24). 

Similarly, the value of the wavelength 
measured along the guide was 89.5 mm, which 
is in agreement with theory. 

The lower curve of Fig. 14 was obtained by 
moving the reflecting piston, the position of the 
detector remaining fixed. Its configuration 


indicates that the guide section considered 
functions as a high Q circuit. Resonance 
points determine guide lengths which are 
integral numbers of Fy half-wavelengths. The 
wavelength is measured with much greater 
accuracy than in the previous case. The 
principle used may be adopted in the design 
of wavemeters. If the guide is damped, for 
example, through absorption of energy by 
means of a receiver at the end, the system 
becomes less selective and the curves, taken as 
a function of the displacement of the piston, 
are more rounded. Under these conditions, an 
interesting characteristic is revealed: besides 
the type of wave desired, indication is given of 
the coexistence in the guide of different types 
of waves due, in general, to deficiencies in the 
generating arrangement. 

Fig. 15 illustrates an example of this phenom- 
enon. ‘The lower curve shows the detected 
current in a receiver Fy, indicating the energy 
at the end of the guide as a function of its 
length. The upper curve was plotted from 
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Fig. 14—Transverse Vector Distribution of an Ey, Wave along the Guide Axis (Upper Curve); and Amplitude 


Variation as a Function of the Resonance Chamber Length. 


Guide Diameter 125 mm (\ = 78.5 mm). 





data obtained simultane- 
ously, the current being 
detected by a small radial 
detector inserted into the 
guide (Fig. 16). The 
guide was 125 mm in 
diameter and the trans- 
mitter operated on a 
frequency of 2 370 Mc/s, 
corresponding in air to a 
wavelength of 126.5 mm. 
The current, as detected 
in the receiver, varied 
periodically with a period- 
icity of 100 mm corres- 
ponding to a wavelength 
of 200 mm in the guide— 
obviously the Ey wave. 
Resonance was not very 
sharp, due to the damp- 
ing caused by the receiver. 
On the other hand, the 
detector showed very selec- 
tive maxima with a peri- 
odicity of 78.5 mm, cor- 
responding exactly to H, 
wave in the guide at 
the same frequency. The 
receiver, being energized 
through an axial antenna, 
does not cause any damp- 
ing in the guide except 
for the E, type of wave. 
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ig. 15—Demonstration of the Simultaneous Presence in a Guide of Two Types 
of Waves, Ey and H,, one Damped and the other Undamped. 
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The probe, however, is sensitive both to E, 
and H, waves (with the exception of A, 
waves the nodal line of which would be in 


the direction of the probe). The guide, for 
the wave H,, has no external damping; it 
acts, in this case, as a high Q circuit, capable 
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Fig. 16—Schematic of a Transmitter and Receiver 
(Ey, Wave). The Detector Reveals the Presence of an 
H, (Parasitic) Wave. 
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Fig. 17—Schematic of a Filter for Purifying E, Waves. 
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network composed of 
conducting wires, and if 
the electric lines of force 
be parallel to the conductor 





wires, reflection also 
occurs; if the lines of force 





be perpendicular to the 





wires, the wave crosses the 





network without noticeable 
alteration. 
Combining this charac- 
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configurations of the 
different types of waves, 
with the resonant effects 
due to different phase 
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velocities, there are 
obtained circuit elements 
with interesting character- 








istics bearing on the separ- 











ation of the different types 
of waves; and, in parti- 
cular, on the generation of 





a purer wave of specific 
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type. Consider a _uide 
section limited on either 
side by two identical 











DISPLACEMENT OF RECEIVING PISTON 
Fig. 18—Suppression of a Parasitic H, Wave with a Volume Filter. 


of oscillating with considerable amplitudes on 
low excitations such, for example, as those 
which the deficiencies of the E, generating 
system may produce. 

This clearly illustrates that it is possible for 
a section of the guide to possess very distinct 
simultaneous resonant characteristics for differ- 
ent types of waves. The impedance in the case 
of any particular guide section, is dependent on 
the specific wave structure. 


VOLUME FILTERS 


An attempt has been made to utilize this 
characteristic in guide sections which could be 
tuned separately for different types of waves. 
In effect, a plane metallic piston serves as a 
reflector for all types of waves. If the piston 
at the end of the guide be replaced by a plane 





networks and place this 
section at the input of a 
guide of the same diameter ; 
excitation with a wave with 
electric fields perpendicular 
to the wires of the networks shows that the 


E,-H, TRANSFORMER 


ig. 19—E,—H, Transformer Network. 
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Fig. 20—Apparatus for Transforming the E, into the 
H, Wave. Propagation takes place towards the Frent. 


latter are practically without effect on this 
wave. For another wave, the required 
condition not being realized, the section of the 
guide limited by the networks will function 
as a resonance chamber ; and, if this chamber 
be tuned to a quarter wavelength (or an 
uneven number of quarter wavelengths) of 
this type of wave, a high impedance effect will 
be presented, resulting in reflection. Such 
filters, designated as “volume filters’ by the 
present authors, are very efficient. For example, 
referring to the experiment corresponding to 
Fig. 16 but placing ahead of the excitation 
antenna E, a guide section limited by two 
networks of circular conductors at a distance 
equal to a quarter H, wavelength (Fig. 17), and 
tracing the curves as a function of the dis- 
placement of the piston, the result reproduced 
on Fig. 18 is obtained. The Ey wave crosses 
the volume filter without alteration; the H, 
wave, on the other hand, is stopped by the 
quarter wave circuit. 


EXCITATION OF H, WAVE 
Whilst one finds for the E, wave a relation- 


ship with known methods of propagation, the 
same does not apply to the symmetrical magnetic 
wave H, which possesses a circular electric 
field and a radial magnetic field. A rational 
method of excitation for this type of wave 
would be a uniform circular current centred on 
the axis, as visualized in the method of excita- 
tion outlined by Southworth in the form of two 
semi-circles fed by a bi-filar line such that both 
currents have the same direction of rotation. If 
attempts be made to obtain greater current 
uniformity by increasing the number of circle 
arcs, it is necessary to increase proportionately 
the number of feed lines, the phase adjustment 
of which rapidly becomes extremely delicate ; 
moreover, these feed lines themselves introduce 
disturbing interference. These considerations 
point to the development of an excitation system 
for H, waves free from these disadvantages. 

The exciter adopted consists essentially of an 
interrupted circle formed of a large number of 
similar conductor arcs fed by radial wires placed 
in a field of configuration E, (Fig. 19). The 
radial elements are excited by the field of 
waves of E, origin, thus generating in the arcs 
of the circle equal currents of the same sense, 
suitable for the excitation of H, waves as con- 
firmed by experiment. The system may be 
considered as a transformer of the E, wave 
into the Hy wave. 

Determination of the dimensions of this 
network depends on the following considera- 
tions : 

(a) The optimum diameter is that corre- 

sponding to the inversion of the axial 
magnetic field of the wave Hy; 
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Fig. 21—Schematic of Transformer Network, E,—- Ho, | 
Associated with Two Conjugate Volume Filters. 








ELECTRICAL 


—_ 
oO 


COMMUNICATION 


ae i) a ead | 








fe 
| 


Poe 








uw 
z= 
| 
anes 
ce 
mm 








DETECTED CURRENT ——= 


























| 
4 
SSECEEHEH 






































Pee eH 











ECEEEEC CEES 
{4 A eteates 
oe ees eee 


cape 
o a] 
{| 


DISPLACEMENT OF THE PISTON P 
Fig. 22—Stationary Hy Waves. 


The axial component of the magnetic 
field H, is given by: 


H.= BJ, (ke) prs 


becomes zero for kp = 2.4; 
= 38, 


and since 


2.4 

3.8 

The maximum diameter of the circle of 
9 


Pic6 Ss canned cee (25) 


5 
6 = 
' 


excitation is d, d being the diameter 


3.8 
of the guide ; 
(b) ‘The length of the free ends corresponds 
with the existence of current anti-nodes 
on the arcs of the circle ; 
(c) The elementary arc length is less than a 
quarter wavelength in air ; 
The separation of the elements is such 
that the space AC has an impedance 
definitely greater than the space AB. 
The above points to the use of about twenty 
elementary arcs. But m arcs are capable of 
exciting EF and H waves of order n. For n 
the cut-off frequencies are far removed from 
the frequencies used in the majority of cases 
and excitation cannot take place. It should be 
noted that in the construction of the transformer 
network no insulator is used; further, the 
field configurations are substantially of the E, 
and the H, types. Radiation of both types due 


(d) 


~ 2), 


to the transformer network takes place, however, 
in two directions along the guide. In order to 
separate the two types of radiation, a conjugate 
volume filters system is utilized. Fig. 20 shows 
a view of the complete equipment ; its schematic 
appears in Fig. 21. 

Between the transformer network T and the 
E, transmitting antenna, a circular network 
volume filter, A, adjusted to a quarter wave- 
length Hy, sends back that part of Hy energy, 
which was propagated towards the transmitter, 
with a suitable phase. This filter passes Fy 
waves. On the other side of the transformer a 
radial network volume filter, B, adjusted to the 
quarter wave F£, transmits towards the trans- 
former that part of the Ey wave which would 
have a tendency to propagate itself in the guide. 
This filter, B, passes Hy waves. Not only are 


y) 


FEEDER 


Fig. 23—Excitation for H, Waves. 
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Fig. 24—Coupling for H, Waves of an Oscillating 
Magnetron (35 mm Wavelength) to a 23 mm Guide. 


the E, and H, waves thus separated, but 
maximum efficiency of the transformer network 
is ensured. 

The conjugate filters, A and B, are particu- 
larly suited to the transformation of Ey, Hy 
waves. ‘These two waves are themselves con- 
jugate, the lines of force of the one forming the 
orthogonal trajectories of the other. 

The system was tested out under the follow- 
ing conditions : 

Diameter of guide 
Transmitting wavelength 
Wavelength EF, 93 mm 
Wavelength H, 130 mm 

The curve reproduced in Fig. 22 was plotted 
in a stationary condition, the detector being 
directed perpendicularly to a radius. Rotating 
this test around the axis of the guide, perfect 
circular symmetry was noted. Placing the 
detector along a radius for Fy excitation, no 
current could be measured. Hence, an H, 
wave of great purity was obtained. 


125 mm 
81 mm 


EXCITATION OF H, WAVE 
The H, wave is unique in its low cut-off 


frequency. Thus, for a given frequency, when 
the diameter of the guide is progressively 
diminished, a point is reached where the sole 
method of propagation possible is of the H, 
type. 

The H, configuration suggests a type of 
excitation by means of a diametrical conductor, 
a piston reflector permitting all the energy to 
be transmitted in the direction desired (Fig. 23). 
This method of excitation can readily be effected 
with a coaxial or tri-filar line of which the central 
conductor only passes into the interior of the 
guide. The adjustment of this line on either 
side of the guide makes it possible to adapt the 
guide to the transmitter. The guide diameter 
along which the current is sent is entirely 
arbitrary. It determines the direction of 
polarization of the H, wave picked up at the 
receiver. Fig. 24 offers a practical example of a 
23 mm diameter guide coupled to a magnetron 
oscillating on a 35 mm wavelength. For 
transmitting the H, wave in a guide equally 
suitable for other types of waves, use may 
advantageously be made of an intermediate 
section of guide of a smaller diameter to function 
as a filter and pass only H, waves. 


TERMINATION ARRANGEMENTS 


In general the structure used for transmitting 
a given type of wave may serve also for reception 
at the other end of the guide. In order to 
obtain a proper termination which will suppress 
the stationary waves, the entire incident energy 
must be taken from the guide. This energy 
may be radiated outside or dissipated in a 
receiver. 

Figs. 25 and 26 illustrate the two cases. The 
system of Fig. 25 necessitates the successive 
adjustments of the interior axial antenna, the 
coaxial line and the exterior antenna. In the 
system in Fig. 26, the regulation of the axial 


OUTWARD RECEIVING E, ANTENNA 


ANTENNA 


COAXIAL LINE 


eae : . i s ; 
| Fig. 25—Adaptation of an E, Wave Guide for Exterior | 
Radiation. | 
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' IMPEDANCE MATCHING | 


CRYSTAL RECEIVER RECEIVING ANTENNA 


| Fig. 26—Adaptation of a Coaxial Line for Feéding a | 
Receiver. 





antenna and the length of the coaxial line 
suffices. In order to control the adaptation, 
the receiver assembly is moved along the guide, 
the points of disappearance of the maxima and 
minima of stationary waves being noted. 


IV.— DEMONSTRATION EQUIPMENT 


The above outline of some of the processes 
and methods adopted in studies on wave guides 
will facilitate the description of the equipment 
employed to demonstrate the characteristic 
properties of this type of propagation: the 
phase velocity and the field configuration. 
Experiments included the three types of waves, 
Ey, H, ana ff. 

The demonstration guide consisted of a 
copper tube 125 mm in interior diameter and 
about 1.50 min length. The same transmitter 
was used for the three types of waves—a 
positive grid tube adjusted on a wavelength of 
78.5 mm and modulated bya musical frequency. 
It is visible in Figs. 27, 28 and 29, including its 
bi-filar line terminated by a radiating doublet. 

Fig. 27 shows the system generating a wave 
of the E, type. It is composed of a coaxial line 
coupled to the transmitter by a_ half-wave 
antenna. The central conductor of the coaxial 
line is prolonged and extends into the guide. 


Fig. 27—Transmitter for Ey Waves. 


The wave obtained is filtered by a circular 
network volume filter. 

On Fig. 28, in front of the transmitter, is the 
assembly used for the transmission of Hy wave. 
As explained previously, an Ey wave is produced 
initially and transformed into an Hy wave by 
means of a wave transformer and a system of 
two conjugate volume filters. One of the 
elements of these filters may be seen in the 
illustration. 

Fig. 29 shows the generator for H, waves. It 
is a 60 mm guide section which passes only 
H, waves. Coupling is effected by a slit which 
determines the diameter of polarization. 

In the demonstration, the wavelengths in 
air and in the guide for the three types of waves 
were compared. <A coaxial line wavemeter 


equipped with a crystal detector for measuring 


Fig. 28—Transmitter for H, Waves. 


the wavelength in air may be noted on the side 
of the transmitter tube of Figs. 27, 28 and 29. 
This wavemeter operates on the principle of 
stationary waves produced inside the coaxial 
line by a short circuited piston. When the 
position of the piston corresponds to an anti- 
node in the detector, the current attains 
maximum value; after amplification, it is fed 
into a small lamp. By means of rods the 
movement of the lamp is made to correspond 
to that of the adjustable piston of the wavemeter 
(Fig. 11). 

Above this lamp, a second one is connected 
to a reflecting piston at the end of the guide and 
fed by the current previously amplified through 
a detector associated with the moving piston. 
The wavelengths are compared in the following 
manner. 





DIELECTRIC GUIDES 


Fig. 29—Transmitter for H, Waves. 


By moving the wavemeter the lower lamp 
progresses in front of a graduated scale and 
lights up at every half wave. Thus the wave- 
length in air may be measured. An exact 
reading gives 78.5 mm. 

The piston is then moved to the end of the 
guide and the upper lamp is seen to move and 
light up, the intervals corresponding to half 
wavelengths in the guide. The wavelength in 
the guide is always greater than in air. 

The values determined were : 
Wave E, 
Wave H, 
Wave H, 


89.5 mm 
122 mm 
84.5 mm 


They are in agreement with the computed 
values, as given in Plate II. 

The field distributions for each type of wave 
are given by means of the apparatus of Fig. 30. 
It consists essentially of a section of tube 
125 mm in diameter, inside which a plane 


reflecting piston slides. From this piston a 
small protruding probe feeds a crystal detector. 
The piston is part of a movable truck on rails 
paralleling the axis of the guide; this longi- 
tudinal movement makes it possible to measure 
the guide wavelengths, the detector indicating 
the stationary wave condition. 

In a given position of the truck, manipulation 
of a hand wheel results in a rotary movement 
which enables the probe to explore the field 
over a complete circumference centred on the 
axis. This movement is transmitted to a 
representative probe made of two small lamps in 
front of a panel representing the lines of force 
of the type of wave under study. 

In order to experiment with the Ey wave, for 
example, the probe at the reflecting piston is 
given a direction following the radius of the 


cylinder ; the representative probe is placed cor- 
respondingly. Having excited the guide with 
E, waves, the piston is adjusted to maximum 
brightness of the small lamps fed, after ampli- 
fication, by the current picked up by the 
detector. ‘Then, by manipulating the hand 
wheel, the probe and the lamps rotate simul- 
taneously, the flash of the latter making it 
possible to explore the field. In the present 
case their constant brightness demonstrated the 
perfectly uniform circular distribution of the 
radial field, characteristic of the Ey wave. 

After having substituted the transmitting 
device for Ey by that for Hy and given the 
probe a direction perpendicular to the radius, 
the exploration was repeated. It again showed 
a perfectly uniform distribution of the circular 
electric field. 

Another substitution was made for the H, 
wave. The detector, rotating around the axis, 
lights up and is extinguished twice in a com- 
plete rotation, thus showing the diameter of 
polarization characteristic of this type of wave. 

This series of tests having demonstrated an 
experimental realization of individually different 
types of waves postulated by theory, another 


Fig. 30—Receiving Side of a 12.5 cm Guide with Means 
for Demonstrating the Distribution of Electric Lines of 
Force for Different Types of Waves. 
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experiment showed the possibility of trans- 
mitting these guided waves in cables of practical 
commercial size: 25mm H, waves (12 000 
Mc/s) were propagated in a copper tube of 
16 mm inside diameter. The guide was 5 m 
in length. 

The transmitting side is shown in Fig. 31. 
As may be seen, the entrance of the guide is 
coupled to the tri-filar line of a magnetron tube 
placed between the poles of an electro-magnet. 
On the left, mounted on a conical support, is a 
sma!l coaxial line wavemeter, which is a reduced 
model of the wavemeter used on 8 cm wave- 
lengths, and which serves as transmitter control 
apparatus. The operation of a handle moves 
the small lamp which lights every 12.5 mm 
under the influence, after detection and amp- 
lification, of the modulated wave emitted by 
the magnetron. 

The guide, as illustrated in Fig. 32, is ter- 
minated by a detector corresponding to the 
diameter of polarization and is followed by a 
movable reflecting piston. A small lamp 


indicates the current picked up by the receiver. 
It moves with the piston and thus measures the 
wavelength in the guide (54 mm as shown in 


Fig. 11). The large increase in wavelength is 
due to the proximity of the applied and cut-off 
frequencies. 

The above description is limited to aspects 
of apparatus relating to the centimetre wave 
technique as applied to dielectric guides. 
Obviously, special attention must be devoted to 
the feeding of the transmitter valves. In 
particular, the stability of the emitted frequency 


Fig. 31—25 mm Wavelength Transmitter and Coupling 
to a 16mm Guide. At the Left is a Control Wavemeter. 
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Fig. 32—Crvystal Receiver Mounted on a 16 mm Guide. 


is directly dependent on the sources of supply ; 
accuracy of sources of supply achieved in these 
demonstrations was of the order of one in 
ten-thousand. 


V.—ATTENUATION COEFFICIENTS 


In the foregoing demonstrations, it was 
possible to verify the agreement between 
theoretical conclusions and experimental facts, 
whilst giving an indication of aspects of this 
new technique utilizing centimetre electro- 
magnetic waves. One question of particular 
interest to engineers dealing with transmission 
remains to be examined, i.e., the attenuation of 
a progressive wave in the course of its propaga- 
tion along the dielectric guide. For the calcu- 
lation of attenuation coefficients reference may 
be made to previous publications. The follow- 
ing are the most important conclusions. 

Considering copper losses alone, attenuation 
in the case of a coaxial cable increases pro- 
portionately to the square root of the frequency. 
In the dielectric guide there is a minimum 
attenuation frequency for the Ey wave, and the 
ratio m of this optimum frequency to the cut-off 
frequency is equal to V3. The wave H, also 
presents minimum attenuation when the ratio 
m is equal to 3.15. 

Finally, the wave H, behaves uniquely. For 
this type of wave, the transverse magnetic 
vector H, has zero value at the surface of the 
conductor ; no current flows in the copper in 
the axial direction, but only circularly. When 
the value of the mean energy flux is constant in 
the straight section, the circular current (which 
is dependent on the axial magnetic field H, on 
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Fig. 33—Attenuation of H, Waves in a Copper Tube 
15 cm in Diameter. The Curve is Calculated, the Dots 
are Experimental (Southworth’s Results). 


the surface) decreases as the frequency increases. 
It even tends towards zero at very high fre- 


quencies since H., which is a component not 
linked up with the transmission of energy in 
the direction of the axis, approaches zero as the 


frequency increases. Thus Hy is a wave 
structure of which the attenuation coefficient 
due to copper losses decreases as the frequency 
increases. 

The attenuation coefficients calculated above 
relate only to losses in the copper. In the case 
of the coaxial cable, a coefficient of attenuation 
due to losses in the insulation must be added. 

In dielectric guides, the dielectric losses are 
practically negligible if air is used as the medium 
of propagation. Consideration might be given 
to the employment of a dielectric other than 
air, thus making it possible, for a given fre- 
quency, to reduce the guide diameter. A 
supplementary attenuation coefficient, however, 
would be introduced ; even with the best known 
dielectrics it would be very much greater than 
the coefficient due to copper losses so that, at 
present, it is not possible to visualize any 
dielectric other than dry air. 

For the case of the dielectric guide with a 
copper sheath of a resistance equal to 1 724 
E.M.U., the results of calculations are given in 
Plate III. Comparisons are made of values 
relating to the following cases: Ey waves with 


minimum attenuation (m= V3); H, approxi- 
mating minimum attenuation (m= 3); and, 
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Plate III—Optimum Operating Wavelengths of Differert Types Versus Guide Radius (broken lines), and 
Corresponding Attenuation due to Copper Loss (full lies). 





ELECTRICAL COMMUNICATION 








0 60 
adic 
ae 2cm pera GUIDE 
Ho WA' 
fgg ee od 


nna 7 
tS 
S td 


relatively low 
frequencies; the guide, 
relatively high ones. It 
must not be forgotten that 
the merits of the very 
high frequency guide are 
emphasized by considera- 
tion of the losses produced 
by insulation in coaxial 
cable ; such losses become 
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VI.—CONCLUSION 


























Plate IV—Comparative Attenuations in Cylindrical Guides (Hy Wave) and 
(For the Coaxial Cable the Attenuation due to Dielectric 
Losses in the Insulation should be added.) 


Coaxial Cables. 


Guided electro-magnetic 
waves offer a new trans- 








mission method, the study 
of which is in its infancy. 
A forecast as to the extent 
such guided waves will 





finally, Hy for the parameters m = 2, 4 and 9. 
They give an indication of the orders of magni- 
tude involved. 

From Plate III, for example, it will be seen 
that in a guide with a radius of 1.5 cm, the 
E, wave yields an attenuation of 58 db. per 
km; the wavelength is 2.3cm. For the 
optimum H, wave (1.75 cm), the attenuation is 
30 db. per km. 

For the same guide radius, the wave H, is 
capable of yielding values which are clearly 
lower, provided that it is found practicable to 
produce and utilize sufficiently high frequencies. 
The following values apply : 
iva cmon — 
0.66cm, «= 


18 db./km 
6 db./km 
1.8 db./km 


These values are the results of calculation ; 
the experimental verifications are not, as yet, 
far advanced. Southworth, nevertheless, has 
made tests on a guide 15 cm in diameter and 
550 min length. The results, with an H, wave 
between 1 200 and 2200 Mc/s, are given by 
Fig. 33. 

Finally Plate IV gives a comparison of the 
theoretical attenuations incurred in coaxial 
cable and dielectric guides. The coaxial cable 


for A = 


A= 
A=03ch, 2— 


find commercial application 
certainly would be premature. Characteristics 
disclosed by theory and confirmed by experi- 
ment, and in particular those presented by the 
H, wave structure, in any case, are important. 
Assuming continued progress in centimetre 
wave technique, interesting developments seem 
assured. 
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THE BRITISH BROADCASTING 
CORPORATION’S START POINT 
TRANSMITTER. 


The view on the right shows the transmitter 
hall from the gallery, with the transmitter 
(right), control desk (centre), and modulation 
transformer and plate feed reactors (left). 
Pictured below is the vault beneath the trans- 
mitter hall with valve-cooling watcr pumps and 
high tension enclosure in the background. 





[Photographs reproduced by courtesy of the British Broadcasting Corporation. 


HE Start Point, South Devon, 100 kW transmitter (285.7 m) and also the 20 kW Clevedon, 

Somerset, transmitter (203.5 m) were inaugurated simultaneously by His Grace the Duke of 
Somerset, on Fune 14th, 1939, and are intended to serve the whole area of South-West England. 
They employ class ‘“B” modulation with negative feedback so that the total harmonic content amounts 
to not more than 2.5 per cent. at 90 per cent. modulation. 

The transmitter and valves for both stations were supplied by Standard Telephones and Cables 
Limited, London, together with the dry-metal rectifiers used fcr operating the station relay system. In 
addition, in the case of Clevedon, S.T.C. supplied the power and water cooling plant and auxiliaries 
for the station, including the 9 500-volt H.C.M.V. rectifier for the high tension supply. 











Telephone and Telegraph Statistics of the World 


Cempiled by Chief Statistician’s Division, American Telephone cnd Telegraph Compcny 


Telephone Development of the World, by Countries 
January 1, 1938 


NUMBER OF ‘TELEPHONES Per Cent ‘Telephones 
COUNTRIES Government Private of Total Per 100 
Systems Companies ‘Total World Population 
NORTH AMERICA : 

United States —_— 19 453 401 19 453 401** 49 57% 15.09 
Canada 199 150 1 123 644 322 794 308% 11.99 
12 520 16 033 3 553 007° 0.40 
1 337 136 744 38 081 0.35°, 0.72 

West Indies 

610 50 553 51 163 0.13% - 

Puerto Rico 531 14 640 5171 0,04°,, 0.85 
Other W. I. Places 9015 16 943 5 958 0,07°, 0.36 
Other No. Am. Places — 14 900 900 0.04% 4.18 





223 163 20 826 858 021 53.64°, 11.6 
SOUTH AMERICA: 

Argentina 377 4 
Bolivia 2.555 
Brazil 240 603 
2 Sere 70 867 
Colombia 3 30 259 
Ecuador 2816 
3 133 

Peru.. 25981 
Uruguay. 32 82% 11 245 
Venezuela 305 20 253 
Other So. Am. Places —_ 


0.96°, 
0,007°, 
0.62%, 
0.18°, 
0.10°, 
0.02°,, 
0.019%, 
0.07% 
0.11°, 
0.05° 


0.007 


te wo 

wwe 

Seta 

ARDvyinw 
CERHRBHOUS US 


bo 
oeKkuwnse 
SooOe soe 


PUDoawny 


eS 
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785 185 835 407 13% 0.86 
EUROPE : 

Austria 281 75 — 790 : : 4.12 
Belgiumt 393 — ; 4.70 
Bulgaria 25 532 — 25 535 " b 40 
Czecho-Slovakia 220 5 — : 56", 43 
Denmark 795 408 001 25 
SMUD Sco o.0 08 :a 0 ve 5 746 164998 48 
— 3.70 

Germanyt 5.31 
Great Britain and No. Ireland 3 029 456 _— ) 3.41 
Greece. . 57 36 774 355 ht% -62 
Hungary 59: 744 -65 
Ireland (Eire)t f — 40 403 10% .36 
600 501 600 501 os > .38 


Jugo-Slavia...... — 59 022 215% .38 
77 f i 3.90 


Latviat 23 — 77 230 
Lithuania. . — 22 042 06°. .87 
OE Gnd LE aia ESO bee eh an ENS bk Eb eS bon cee — 401 484 02% .65 
Norway* 35 007 87 003 222 010 es ) 41 
5 562 125 738 272 300 -69°, so 
Portugal. ... 115 47 426 64 541 .16°% .87 
Roumania.... — 81 205 81 205 2i% 41 
000 — 950 000 - ) 93 
— 300 000 300 000 c .20 
737 102 1 596 738 698 88°, 70 
430 877 430 877 10% -26 
91 201 91 201 2 1.76 


ost 


Rigs am 
a) 


12 415 244 53 986 14 269 230 36.36", 2.47 





ASIA : 
British Indiat 31 075 49 156 80 231 0.20°, 0.02 
China 80 000 90 000 170 000 0.43°,, 0.04 
Japant... 1 304 693 — 1 304 693 3.33%, 1.82 
Other Places in Asia... . 172 583 93 684 266 267 0.68, 0.14 
1 588 351 232 840 1 821 191 4.64°, 0.17 

AFRICA : 

60 546 — 60 546 0.16°, 0.27 
Union of South Africaf. . 189 601 —_ 189 601 0,48°, 1.90 
SPE AROS BE PUSIOR 6o5.5 6 ose ese a 5S eb 0 ses Suecwee sees 121 014 2 094 123 108 0.31% 0.10 


371 161 2 094 373 255 0.95°% 0.24 
OCEANIA: 

Australia* 594 855 — 594 855 1.51% 8.7 
Hawaii — 30 794 30 794 0.08°,, 7.62 
ERED HII MINOR 05). cis iw Skea Oe ae Oba uals ada eecios 41581 4128 45 709 0.12% 0.07 
New Zealandt 192 020 — 192 020 0.49", 11.97 
Philippine Islands.......... 1 256 26 651 27 907 0.07" 5 0.19 
Other Places in Occa.ia 4 351 329 4 680 001% 0.19 


TO ..6 os 834 063 61 902 895 965 2.28% 0.93 


TOTAL WORLD.... 15 482 204 23 762 865 39 245 069§ 100,00%% 1.79 


* June 30, 1937. t February 28, 1938. + March 31, 1938. 
** As reported by the United States Department of Commerce, Bureau of the Census. 
@ U.S.S.R., including Siberia and Associated Republics. (Estimated) 
§ Includes approximately 20 000 0UU automatic or ‘‘Dial’’ telephones, of which about 42’, ar2 in the.United States. 
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Telephone and Telegraph Wire of the World, by Countries 
January 1. 1938 


MILEs OF ‘TELEGRAPH WIRE 
Per Cent 
of Total 

World 


MILEs OF 'TELEPHONE WIRE 
Per Cent 
of Total 


World 


Service 
Operated by 
(See Note) 


Per 100 
Population 


Number 
of Miles 


Per 100 
Population 


Number 
of Miles 


COUNTRIES 


NORTH AMERICA : 


SMES G7 55o05 2 )g1a Sa a. ale baled sas oie 


90 831 000 


Canada 
Central Americ 


SOUTH AMERICA : 


Argentina 
Bolivia 
Brazil 


Colombia 
Ecuador 


Peru.. 
Uruguay 
Venezuela 


Se ee rer 


EUROPE : 


Austria 
Belgiumt 
Bulgaria 
Czecho-Slovakia 
Denmark 
Finland 


Germanyt 
Great Britain and No. Irelandt 


Hungary. . 
Ireland (Eire)t 


Jugo-Slavia 
Latviat. 
Lithuania 


PINS a5 Raivio a wba ewe Naa ee eCmee 


Norway* 


Portugal 
Roumania 
RussiaQ 
Spain 
Sweden 


ASIA : 


British Indiat 


AFRICA : 


Union of South Africaf. . 
Other Places in Africa 


Total 


OCEANIA : 


Australia* 

Hawaii 

Netherlands East Indies 
New Zealandt 
Philippine Islands 
Other Places in Oceania 


5 308 000 
62 000 
582 000 


278 000 
38 000 
109 000 
22 000 


70.47 
47.73 
0.86 
3.04 


6.24 
2.12 
1.51 
6.08 





97 230 000 


1 480 000 
5 500 

1 025 000 
282 000 
159 000 
9 000 

7 500 

89 000 
158 000 
100 000 
6 000 


0.88°, 


0.003°, 


0.61°, 
O.17% 
0.09° 
0.01° 
0.004° 
0.05°, 
0.09%, 
0.06°, 
0,004° 


53. 





3 321 000 


677 000 
1 944 000 
79 000 
700 000 
1 430 000 
299 000 
5 861 000 
17 030 000 
14 086 000 
147 000 
435 000 
134 000 

1 631 000 
145 000 
310 000 
78 000 

1 300 000 
688 000 
998 000 
174 000 
389 000 

1 500 000 
1 500 000 
2 796 000 
1 530 000 
290 000 


1.97% 


0.40% 
1.15% 
0.05°, 
0.41%) 
0.85% 
0.18%, 
3.48% 
10,10°, 
8.35°% 
0.09°,, 
0.26% 
0.08% 
0.97% 
0.09% 
0.18°, 
0.05% 
0.77% 
0.41% 
0.59% 
0.10% 
0.23% 
0.89°, 
0.89%, 
1.66°, 
0.91% 
0.17% 





56 151 000 


500 000 
650 000 
4 733 000 
854 000 


33.31% 


0.30% 
0.38% 
2.81% 
0.51% 





6 737 000 


325 000 
721 000 
353 000 


4.00% 


0.19% 
0.43°, 
0.21% 





1 399 000 


2 670 000 
103 000 
251 000 
627 000 

72 000 
12 000 


0.04° 
0.01° 


25.50 
0.36 
39.09 
0.50 
0.50 





3 735 000 


2.91° 
“elo 


3.89 





168 573 000 


100,00, 


7.67 


2 320 000 
363 000 
22 000 
100 000 


12 000 
2 000 
9 000 
11 000 


1.80 


3. 


0. 
0 


9 
ok 
0.1 
3. 


26 
31 


52 


03 





2 $39 000 


160 000 
5 000 
110 000 
30 000 
22 000 
4 000 
3 000 
13 000 
3 000 
000 
500 


ks 


Ry. 





362 500 


48 000 
35 000 
5 500 
85 000 
9 000 
22 000 
319 000 
182 000 
243 000 
37 000 
46 000 
22 000 
276 000 
58 000 
4 500 
2 500 
10 000 
22 000 
49 000 
14 000 
47 000 
600 000 
90 000 
17 000 
12 000 
13 000 


5.29%, 


70% 
51% 
08°5 


118% 
"19°, 





268 500 


424 000 
130 000 
234 000 
221 000 


3.08% 


5.19% 
90% 


'33 





1 009 000 


36 000 
31 000 
150 000 


217 000 


106 000 
0 

20 000 
21 000 
10 000 
4 000 


0, 


0.29° 
0.8 
O.1s 


0. 


.09 


16 
31 


12 


14 


1.55 
0.00 
0.03 
1.31 
0.07 
0.17 





161 000 


0.17 





6 857 WOO 


100, 


0.31 


_ . NoTE: Telegraph service is operated by Governments, except in the United States and Canada. In connection with telephone wire, P. 
indicates that the telephone service is wholly or predominantly operated by private companies, G. wholly or predominantly by the Government, 
and P.G. by both private companies and the Government. See preceding table. 

* June 30, 1937. _ _ J} February 28, 1938. t March 31, 1938. 

q U.S.S.R., including Siberia and Associated Republics. (Estimated) 
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Telephone Development of Large and Small Communities—January 1, 1938 
NUMBER OF ‘TELEPHONES ‘TELEPHONES PER 100 POPULATION 
Service In Communities In Communities In Communities In Communities 
COUNTRY Operated of 50 000 of less than of 50 000 of less than 
By Population 50 000 Population 50 000 
(See Note) and Over Population and Over Population 
Australia** 3 365 800 229 055 11.04 6.51 
Austria 218 611 63 179 9.91 1.36 
Belgiumt Bs 278 411 115 117 7.70 2.42 
- Ase 32 285 590 505 19.83 7.95 
101 024 5.99 0.7: 


Czecho-Slovakia* 
198 373 20.65 


Denmark ‘ 27 57 
‘i ; 34 595 107 149 12.89 


855 883 696 735 8.07 

366 196 257 501 8.17 

200 000 885 000 8.04 

113 633 35 706 4.91 

Japanft.... 903 367 401 326 3.80 

ee ere ee ee : 257 852 143 632 

New Zealandt s. 80 111 063 

Norway** 5 89 465 132 545 

172 401 99 899 

285 573 453 125 

197 721 233 156 

Union of South Africat cs 117777 71 824 

United States 11 196 576 8 256 825 

NoTE: P. indicates that the telephone service is wholly or predominantly operated by private companies, G. we: or predominantly by the 
Government, and P.G. by both private companies and the Government. See first table. 

* January 1, 1937. ** June 30, 1937. t February 28, 1938. + March 31, 1938. 


France 

Germanyt 

Great Britain and No. Irelandt 
Hungary 


Telephone Conversations and Telegrams—Year 1937 
PER CENT OF 
‘TOTAL WIRE WIRE COMMUNICATIONS 
Number of ‘Total Number COMMUNICATIONS PER CAPITA 
COUNTRY Telephone Number of of Wire Telephone Telephone 
Conversations Telegrams Communica- Conver- Telegrams Conver- Telegrams ‘Total 
tions sations sations 
Australia 568 000 000 17 015 000 585 015 000 97.1 2.9 83.4 
Austria 655 000 000 1 649 000 656 649 000 99.7 0.3 96.0 
316 000 000 5 861 000 321 861 000 98.2 & 37.9 
a 613 807 000 12 441 000 626 248 000 99.5 0. 236.0 
Czecho-Slovakia* 285 000 000 4 018 000 289 018 000 98.6 1 18.7 
Denmark 693 000 000 1 624 000 694 624 000 99. 0. 182.6 0. 
Finland 279 000 000 799 000 279 799 000 99. 0. 73.0 0. 
France 974 000 000 170 000 002 170 000 97 2 23:2 0.7 
722 000 000 6 883 000 738 883 000 99. 0 40.1 0, 
2 186 000 000 8 618 000 244 618 000 97. 2 46.4 a. 
178 000 000 “9 133 000 180 133 000 98. 19. 0; 
5 082 000 000 66 128 000 5 148 128 000 98. 71. 0. 
Netherlands 435 000 000 3 374 000 438 374 000 99. 50. 0. 
Norway 294 000 000 3 385 000 297 385 000 98.9 101, 1. 
562 000 000 3 783 000 565 783 000 99.3 16. 0. 
070 000 000 4 107 000 074 107 000 99.6 170, 0. 
294 000 000 1 754 000 295 754 000 99.4 70. 0. 
307 000 000 7 075 000 314 075 000 97.7 31. 0 31.9 
RR SUMED 3 iia cxskchs secu seas 28 300 000 000 207 000 000 = 28 507 000 000 99.3 220. ee 221.8 
NoTE: Telephone conversations represent completed local and toll or long distance messages. ‘Telegrams include inland and outgoing international 
messages. 
* Year 1936, 
Note: There are shown, for purposes of comparison with cities in other countries, the total development of all cities in the United States 
in certain population groups, and the dev elopment of certain representative cities within each of such groups. 
* June 30, 1937. t February 28, 1938. t March 31, 1938. 
tt International Settlement and French Concession. 


85.9 
96.2 
38.6 
237.1 
19.0 
183.0 
73.2 
23.9 
40.3 
47.6 
20.0 
72.3 
51.0 
102.3 
16.5 
171.2 
70.6 
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Belgium 
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Bitdeate 


| DISTRIBUTION OF THE WORLD'S TELEPHONES 
TELEPHONES PER 100 POPULATION 
January 1,1938 January 1, 1938 


4 6 
UNITEO STATES 
NEW ZEALAND 
CANADA 
SWEDEN 
DENMARK 
SWITZERLAND 
AUSTRALIA ALL OTHER EUROPEAN FRANCE 


NORWAY 
GREAT BRITAIN COUNTRIES 
GERMANY * 


BELGIUM 

NETHERLANDS 

FINLAND GREAT BRITAIN 
AUSTRIA 

Z 

paced ALL OTHER 


ARGENTINA 
JAPAN COUNTRIES 


HUNGARY Fs 
CHILE fEU PE! GERMANY 
CZECHO-SLOVAKIA | t cate 
ITALY 
CUBA CANADA 
LITHUANIA 
POLAND 
MEXICO 
RUSSIA 
BRAZIL 
[TOTAL WORLO) | 
os 6 8 10 


Telephones per 100 Population 
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Telephone Development of Large Cities 
January 1, 1938 


Country and City 
(or Exchange Area) 


Estimated 

Population Number 
(City or Ex- of 
change Area) ‘Telephones 


Estimated 

Population Number 
(City or Ex- of 
change Area) ‘Telephones 


Telephones 
Per 100 
Population 


Telephones 
Per 100 
Population 


Country and City 
(or Exchange Area) 


ARGENTINA : 
PGE AIS so. is. sk cas 


AUSTRALIA : 
Adelaide 
Brisbane 
Melbourne 
Sydney 


3 075 000 


318 000 
318 000 
024 000 
279 000 


153 000 
878 000 


560 000 
991 000 
433 000 


BRAZIL : 
Rio de Janeiro 


CANADA : 
Montreal 
Ottawa 


860 000 


063 700 
193 300 
793 800 


Vancouver 277 700 


CHILE : 
Santiago 
CHINA: 
Hong Kong 
Shanghaitt 
CUBA: 
Havana 
CZECHO-SLOVAKIA : 
Prague 
DANZIG: 
Free City of Danzig 
DENMARK : 
Copenhagen 
FINLAND: 
Helsingfors 
FRANCE: 
BOONES oss oie see Nae 
Lille. . 
Lyons.... 
Marseilles 
PEs aa cas aekssoo5% 


GERMANY :t 


843 000 


800 000 
600 VOU 


710 000 


965 000 


253 000 


873 000 


290 000 


260 000 
200 000 
650 000 
915 000 
2 850 000 


4 307 000 
624 000 
768 000 
821 000 
577 000 
672 000 
650 000 

1 714 000 
762 000 
848 000 


Dortmund 


Frankfort-on-Main 
Hamburg-Altona 
Leipzig 

Munich 


GREAT BRITAIN AND 
NO. IRELAND :t 
re es a 
Birmingham 


Edinburgh 


415 000 
1 260 000 
446 000 
460 000 
1 140 000 
Hull 358 000 
562 000 
Liverpool 1 260 000 
London— 
(City and County of 
4 057 000 
1 005 000 
477 000 
517 000 


Manchester 
Newcastle 
Sheffield 
HAWAII: 
Honolulu 
HUNGARY : 
Budapest 
Szeged 


150 000 


1 606 000 
140 000 


233 051 


34177 
33 417 
127 516 

005 


748 
2 149 


696 
7 639 
885 


609 


518 


745 


18 666 


201 987 


46 556 


22 739 
18 155 
38 764 
37 801 
435 832 


574 367 
47 011 
72 319 
72 144 
27 385 
34 931 
67 114 

411 

523 


878 


696 808 
66 560 
26 526 
26 924 


20 914 


100 677 
2 441 


_ 
Aansr 
Shi 


6. 
1, 


IRELAND (Eire) :t 
Dublin 


ITALY : 


LITHUANIA : 
PINs cians cits-cc alee 


MEXICO: 
Mexico City 


NETHERLANDS : 
Amsterdam 


Rotterdam 
The Hague 


NEW ZEALAND :t 
Auckland 


NORWAY :* 


PHILIPPINE ISLANDS : 
Manila 


POLAND: 
id 
Warsaw 


PORTUGAL : 
Lisbon 


ROUMANIA : 
Bucharest 


SWEDEN : 
Gothenburg 
Malm5 
Stockholm 


SWITZERLAND : 
Basel 


Geneva 
Zurich 


UNITED STATES : 
(See Note) 


Los Angeles 
Pittsburgh 
Total 10 cities over 
1 000 000 Population 
Milwaukee 
San Francisco 
Washington 
Minneapolis 
Total 10 cities with 
500 000 to 1000 000 
Population 


34 cities wth 

200 000) to 500 OVO 
Population 

Total 54 cities with 

more than 200 000 
Population 


477 000 


178 000 
907 000 
247 000 


975 000 
150 000 
220 000 
3 260 000 
6 320 000 


390 000 


108 000 


423 000 


790 000 
170 000 
625 000 
535 000 


209 000 


250 000 


450 000 


665 000 
261 000 


683 000 


800 000 


270 000 
148 000 
458 000 


154 000 
116 000 
150 000 
282 000 


284 000 
520 000 
390 000 
040 000 


22 530 800 
790 000 
721 000 
584 700 
515 000 


5 703 900 
423 200 
317 000 
243 300 
236 100 


10 580 200 


39 814 900 


22 760 


101 528 
29 911 
111 784 


44 728 
50 162 
43 674 
165 486 
269 565 


29 310 


7 906 


79 384 


62 348 
14 080 
41 884 
53 926 


28 530 


30 476 


39 287 


54.097 
25 920 
165 248 


36 773 
28 889 
29 938 
66 368 


623 117 
945 598 
423 766 
216 745 


5 066 121 
155 500 
275 204 
226 957 
141 156 


532 146 
122 884 
101 277 
62 845 
65 974 


2 150 960 


8 749 227 


4.77 


.62 
3.30 
3.96 


.09 
.36 
3.58 
5.08 


.27 


22.28 
26.86 
30.49 
20.84 


22.48 
19.68 
38.17 
38.82 
27.41 


22.85 
29.04 
31.95 
25.83 


27.94 
20.33 


21.97 


._ Note: There are shown, for purposes of comparison with cities in other countries, the total development of all cities in the United States 
in certain population groups, and the development of certain representative cities within each of such groups. 


* June 30, 1937, 


February 28, 1938, 


tt International Settlement and French Concession. 


t March 31, 1938. 
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TELEPHONES PER 100 POPULATION 
OF LARGE CITIES 


January 1, 1938 


15 


WASHINGTON 
SAN FRANCISCO 
STOCKHOLM 
DENVER 

LOS ANGELES 
SEATTLE 
OMAHA 
MINNEAPOLIS 
CHICAGO 
VANCOUVER 
TORONTO 
OSLO 
ZURICH 
COPENHAGEN 
NEW YORK 
PITTSBURGH 
GOTHENBURG 
LONDON 
MONTREAL 
HELSINGFORS 
PARIS 
HONOLULU 
AUCKLAND 
BERLIN 
BRUSSELS 
SYONEY 
HAMBURG-ALTONA 
VIENNA 
COLOGNE 
ROME 
ANTWERP 
AMSTERDAM 
PRAGUE 
BUENOS AIRES 
RIGA 

DANZIG 
KAUNAS 
ROTTERDAM 
WARSAW 
BUDAPEST 
LIVERPOOL 
BIRMINGHAM 
GLASGOW 
HAVANA 
MEXICO CITY 
OSAKA 
MANILA 
BUCHAREST 
OUBLIN 

RIO DE JANEIRO 
LISBON 
TOKIO 
MARSEILLES 
SHANGHAI 
HONG KONG 














lo 15 20 25 30 
Telephones per 100 Population 





Recent Telecommunication Developments of Interest 


PM-5 Portable Radio Set.—The Bell Tele- 
phone Manufacturing Company, Antwerp, has 
designed a one load portable radio telephone 
and telegraph station intended for short distance 
communication. 

The complete set is contained in a duralumin 
box which can very easily be carried on the back 
of one person. The total weight does not 
exceed 20 kg and the approximate dimensions 
are 350 x 300 x 375mm. It is_ especially 
designed to withstand the severe conditions 
encountered in field service. 

The antenna consists of a vertical rod 3m 
high composed of 11 sections. 

The frequency of the transmitter and the 
receiver is controlled by one large lever moving 


in front of a circular scale directly calibrated in 
kc/s. The transmitter and the receiver are 
therefore always tuned on the same frequency. 
The generally used frequency range extends 
from 4.3 Mc/s to 7.5 Mc/s (40 to 70 m), but the 
set can be furnished for operation over any 
range of the same wavelength ratio between 
25 and 1.5 Mc/s (12 to 200 m). Quick change- 
over between two selected frequencies is provided. 

The transmitter consists of an _ electron- 
coupled master oscillator followed by a power 
amplifier. The antenna is tuned by means of a 
single knob without any tap choosing switch. 
Its power varies between 0.3 and 0.4 W accord- 
to the frequency. A push-pull low frequency 
stage modulates the power amplifier on both 
plate and screen. 

The receiver is of the superheterodyne type. 
Reception of CW telegraphy is obtained by 
oscillating the second detector. A vernier is 
provided and permits fine receiver tuning 
without altering the tuning of the transmitter. 
The sensitivity of the receiver is very good, 
2 microvolts modulated 30°, at 400 p:s giving 
an output of at least 1 mW. 

The selectivity is such that a signal 10 ke off 
tune is attenuated by 32 db. The image ratio 
is better than 50 db. 

The power supply consists of dry cell 
batteries : 

144 V for the H.T. 
3 V for the L.T. 
18 V for the bias voltages. 

The only controls, located on the front 
panel, are the wavelength change controls and 
the heating voltage regulator. All other controls 
are on the handphone so that one man can 
operate the set while marching. ‘These controls 
are: (a) On-off switch; (b) Send-receive 
switch ; and (c) Volume control of the receiver. 

* s « 

Bellton Chimes.—The Bell Telephone 

Manufacturing Company, Antwerp, recently 
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began manufacture of a line of electric signalling 
chimes. These signalling devices have the 
outstanding feature of emitting a mellow single 
or double note instead of the usual harsh buzz 
or disagreeable clamour of the ordinary buzzer 
or electric bell. They are attractive in design 
and may be installed equally well in homes, 
offices or factories. 

Three types are available : 

The “Baby” is a compact single-stroke chime 
suitable for lifts or for industrial or office 
applications, where code signalling systems are 
desirable. 

The “Senior” normally emits a deep two- 
tone chime, but may also be wired to give a 
single note from a second signalling position. 
This model may be used as a door chime in 
the home, or as a secretary’s or receptionist’s 
signal in offices. 

The “De Luxe” is a more elaborate chime 
fitted with a pair of long chromium-plated 
tubes. It gives a clear penetrating two-tone 
chime suitable for use as a door signal in large 
homes or for installation in schools, laboratories, 
hospitals, etc. 

Any of the Bellton models may be substituted 
for ordinary bells or buzzers without change of 
wiring, or they may be arranged to operate 
directly from 110 or 220-volt D.C. mains, or, 
by means of a special transformer, from A.C. 
mains. 

e e e 

Telecommunications Exhibition.—At the 
Telecommunications Exhibition, organized by 
the Department of Posts and ‘Telegraphs 
(Argentina) during the period of the Inter- 
national Postal Conference (Buenos Aires, April, 


COMMUNICATION 


“Baby” Bellton Chimes. 


1939), items featured by the Compafia Standard 
Electric Argentina included the following: a 
Creed Printer receiving bulletins from one of 
the news agencies, a Western Electric Police 
Radio Equipment (to be installed in Cordoba), 


a W.E. 100 kW Valve of the type used in the 
Buenos Aires Municipal Broadcasting Station, 
and a Mix and Genest Master Clock (to be in- 
stalled in the Durand Hospital, Buenos Aires). 

Other participating Companies in the Inter- 
national Telephone and Telegraph Group in- 
ciuded the United River Plate Telephone 
Company, Limited, which displayed switch- 
boards, carrier equipment, etc., in actual 
operation; All America Cables and Radio, 
Inc.; Compania Internacional de Radio 
(Argentina) and Sociedad Anénima_ Radio 
Argentina. 








